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(54) Benzofuran and benzothiophene derivatives 



(57) New diuretic antihypertensives, l.e.« benzofuran or benzothiophene derivatives have the formula: 
(I) 




wherein X\ X'. and are each independent! y hydrogen, halogen or CH3; Y is an oxygen or sulfur atom; R' 
Is hydrogen, alkyi, alkenyl. aryl. aralkyi or alkoxycarbonyl; is SR*, OR® or NR'R«. wherein R^ is hydrogen, 
alkyi, aikenyL alkynyl, aryl, aralky! or carbamoylmethyl, R^ is alkyL R' and R° are each independently 
hydrogen, alkyi, alkenyl, cycioalkyi, aryl, furyimethyl or acyl or when R' and R^ are considered together with 
the adjacent nitrogen atom they may form pyrrolidino, piperidino or morpholino or one of R' and R° is 
hydrogen and the other is -C(0)R^ where R" is alkyi. substituted alkyi, alkylene or substituted alkylene; R^ 
is SR» or SiOjR'^ wherein R^ is hydrogen, alkyi, alkenyl, alkynyl or aralkyi and R'*» is alkyi; R* is hydrogen or ~ ^ 
alkyi, is CHO. COCH3. COOCH2COOH. CN, CH=NOH. COR„. CHjOR,^. CONR^^R^o or CHjOCCO-CHjR,,, UU 
wherein R^, is hydrogen, alkali metal, or alkyi, R,3 is hydrogen, alkyi or acyl, R„ and R" are each ^ 
independently hydrogen or alkyi or R,g andR^^ may form pyrrolidino together with the adjacent nitrogen |\J 
atom, and R^, is hydrogen or lower alkyi; 

a> 

CD 
CO 



way 

may be any ooe o£ the folloviogj 



wherein Z is O, S, or NH, Z' is S or N-R,^, Z" is S, NH or N-CH3, R,, is hydrogen, alkyi, alkoxy, carbonyl or 
methylene, R,^. R,^, R»^ and R^q are each independently hydrogen or alkyi. R,5 is hydrogen or carbonyl, and 
the dotted line represents the presence or absence of a double bond. 
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SPECIFICATION 

Benzofuran and benzothlophene derivatives 

5 The present invention relates to novel benzofuran and benzothiophene derivatives having anti- 5 

hypertensive, diuretic and uricosuric activities. 
All diuretic antihypertensives are classified, by the actions and structures thereof, as diuretic 

thiazides, loop diuretics, or potassium-sparing diuretics such as antialdosterone-type compounds. 

The benzofuran- or benzothiophene<Jerivatives of the present invention can reasonably be classi- 
10 fied into the loop diuretics category. The following are representatives of loop diuretic agents 10 

which are clinically used or are under research and development. 

Ethacrynic acid: Edecril(§> (Nippon Merck-Banyu), 

Chlorthlalidone: Hygroton® (Fujisawa Phamnaceutical Co., Ltd./Cib^eigy Japan), 
Mefmside: Baycaron® (Yositomi Pharmaceutical Ind.) 
15 Furosemide: Lasix® (Hoechst) 

Bumetanide: Lunetoron® (Sankyo Co.. Ltd) 

Tienilic acid, or Ticymafen: U.S. Patent No. 3,758.506 (C.E.R.P.H.A,), 

indacrinone and the derivatives: Japanese Unexamined Patent Publication Nos. 57-163338, 

57- 163339. 57-176920, 57-176968, 57-209246 (Merck), 

20 Benzenesulfonamide derivatives substituted at 2. 3 and 4 positions: JPN Unexam. Pub. No. 20 

58- 124758 (Fujisawa Pharmaceutical Co., Ltd.), 

5-Acy!-substltuted-2.3-dihydrobenzofuran derivatives: JPN Unexam. Pub. No. 52-10261 (Merck). 

The compounds of this invention are also acyl-substituted-2, 3-dihydrobenzofuran derivatives in 
their essential structure, but are different in their partial structure to those referred to above. 
25 This invention thus provides new diuretic compounds which can, for example, be administered 25 
orally at a daily-dosage of 0.5-200 mg, preferably 1-100 mg. or parenterally at e.g., 0.01-50 
mg. preferably 0.1-20 mg, and which have the following fonrnula 0): 




(1) 



Bay be and, 

50 nay be any one of tbe folloviog: 



55 



30 



35 wherein X*. X^. and X^ are each independently hydrogen, halogen or CH^: Y is an oxygen or 35 
sulfur atom; W is hydrogen, alky!, akenyl. aryl, aralkyl or alkoxycarbonyl; is SR^ OR« or NRW. 
wherein R« is hydrogen, alkyl. alkenyl, alkynyl. aryl. aralkyl or cari^amoylmethl, R« is alkyl. R' and 
R« are each independently hydrogen, alkyl, alkenyl, cycloalkyi, aryl. furylmethyl or acyl or when 
R' and R« are considered together ewith the adjacent nitrogen atom they may form pyrrolidine, 

40 piperidino or morpholino or one of R' and R» is hydrogen and the other is -C(0)R» where R» is 40 
alkyl. substituted alkyl. alkylene or substituted alkylene; R' is SR« or S(0)RR'^ wherein R^ is 
hydrogen, alkyl. alkenyl. alkynyl or aralkyl and R'** is alkyl; is hydrogen or alkyl. PP is CHO. 
COCH3. COOCH^COOH. CN. CH=NOH. COOR'^ CH,OR'». CONR'«R«» or CHaOC(0)--CH2R2^ wherein 
R" is hydrogen, alkali metal, or alkyl, R" is hydrogen, alkyl or acyl, and R» are each 

45 independently hydrogen or alkyl or R'» and R» may form pyrrolidine together with the adjacent 45 
nitrogen atom, and R^^ is hydrogen or lower alkyl; 



50 



55 



"9^" --to-" 

wherein Z is O, S, or NH. Z' is S or N-R«, Z" is S, NH or N-CH3, R" is hydrogen, alkyl. alkoxy, 
60 carbonyl or methylene, R'^ R", R" and R'» are each independently hydrogen or alkyl. R'* is 60 
hydrogen or carbonyl, and the dotted line represents the presence or absence of a double bond. 
Therapeutically acceptable salts of the compounds of the invention are included within the scope 
of the invention. 

Compounds of the formula Q) can be prepared from benzofuran or benzothiophene derivatives 
65 as starting materials having the following formula (111): 



• 
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0 



^ B'»OOC 



(B) 



wherein X\ Y, R* and R" each has the same meaning as above, according to the 

processes explained in the reaction schemes given later. Each symbol used in the reaction 
10 schemes has the same meaning as above. 10 
Abbreviations used in this specification are listed as follows: 



15 





DMA 


Dimethylacetamide 




DME 


Dimethoxyethane 


15 


DCC 


1 ,3'Dicyclohexylcarbodiimide 




THF 


Tetrahydrofuran * 




DMSO 


Dimethyl sulfoxide 




DMF 


Dimethylformamide 




p-TsOH 


para*Toluenesulfonlc add 


20 


Me 


Methyl 




Et 


Ethyl 




MeOH 


Methanol 




EtOH 


Ethanol 




Et^O 


Diethyl ether 


25 




Phenyl 




qu. 


Quantitatively 



20 



25 

Compounds of this invention have anth-hypertensive and diuretic activrtes and can be used as 
diuretic antihypertensives in the treatment or prophylaxis of essential or renal hypertension, 

30 nephredema« cardiac or hepatic edema, gestosis or like diseases. 30 
The compounds of this invention may be administered orally or parenterally (intravenously or 
intramuscularly) in a suitable fomn, e.g. such as tablets, granules, fine granules, powders, cap- 
sules, injections or like formulations. They can be administered orally in a single or divided doses 
of 0.5-200 mg a day, preferably 1-100 mg, or parenterally at a dosage of 0.01-50 mg, 

35 preferably 0.1-20 mg. 35 
In the formula (I), "alky!" includes straight or branched chain C^-Cg alkyi such as methyl, ethyl, 
propyl, isopropyl, butyl, s-butyl, isobutyl, pentyl, isopentyl, or the like. "Alkenyl" includes C^-C^ 
alkenyl such as vinyl, 1-propenyt, 2-propenyl, 3-butenyl, 1 ,4-butadienyi, S-pentenyl, and the like. 
"Aryl" includes C5-C,2 aryl such as phenyl, naphthyl and the like. "AralkyI" includes C7-C9 

40 aralkyi for example, benzyl, phenethyl, and the like. "Alkoxycarbonyt" includes Cs-Cg alkoxycar- 40 
bonyl such as methoxycarbonyl, ethoxycarbonyl, n-propoxycarbonyl, Isopropoxycarbonyl, n-bu- 
toxycarbonyl, sec-butoxycarbonyl, tert-butoxycarbonyl, and the like. "Alkynyl" includes Cj-Cg 
alkynyl such as ethynyl, 2>propynyl, and the like. "Cycloalkyl" includes C3-C7 cycloalkyi, for 
example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl. "Acyl" includes C,— C5 

45 alkanoyi (e.g. formyl, acetyl, propiohyl, butyryt or valeryl) and benzoyl. "Substituted aikylene" 45 
includes C2-C4 aikylene which may be substituted and "aikylene" includes C2-C4 aikylene such as 
methylene, ethylene, trimethylene, tetramethylene, and the like. "Halogen", which may be repre- 
sented by X», X^ or X^ includes fluorine, chlorine, bromine and iodine. 
Most of the starting materials which are used in the Examples which are given below are 

50 disclosed in U.S. Patent No. 3,751,436 or J. Med.Chem. 24(7), 865-873, 1981, or can .readily 50 
be prepared from such materials. 

The compounds of the present invention can be prepared by a process comprising effecting 
the desired step(s) in accordance with any of the following reaction schemes. Thus, multi-stage 
and single-stage processes are included in the invention. 

55 The invention also provides a pharmaceutical or veterinary formulation comprising a compound 55 
of the invention or a salt of the invention, in either case formulated for pharmaceutical or 
veterinary use, respectively. Such formulations may be in unit dosage form and/or include an 
acceptable diluent, carrier or excipient. Such fomnulations may be nnade by standard means and 
using materials known in the art in accordance with normal practice. 

60 The invention further provides a method of making a medicament for producing an antihyper- 60 
tensive, diuretic or uricosuric effect, which method comprises formulating a compound of the 
invention or a salt of the invention for such purpose. 
The following Examples are provided to illustrate this invention in more detail. 

65 Example 1 65 



• 
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Preparation of ej-dichloro-5^2-inethyl-3.34)is(methylthk))-propanoylh2^hydro-1^^ 
2-caiboxyric acid I, 

80% 



5 



?1 ^ '''ZXA.^ 




Anal. Calcd. (%) for C^sHuCljO^Sj 

C 45.80 H 3.59, CI 18.03. S 16.31, 
C 45.52. H 3.63. CI 17.91. S 16.25. 
2630. 1724. 1710. 1648. 1605 cm 



50 Found (%) 
IR vmax (Nujoi) 



10 



15 



To a suspension of 2.03 g (55.5 mmol) of 65.6% sodium hydride In 30 ml of dry ether is. 
under nitrogen flow while being stirred, added a solution of 8.0 g (23.3 mmol) of t-butyl 6,7- 

20 dichloro-5-propyonyl-2,3-dihydro-1-ben2ofuran-2-caboxylate III4, 5.3 g (69.6 mmol) of carbon di- 20 
sulfide and 9.9 g (69.6 mmol) of iodomethane in 190 ml of dry ether, and then 4.8 ml of N,N- 
dimethytacetamide and the resulting mixture is allowed to react at room temperature for 72 
hours. The reaction mixture is poured into ice-cold water and extracted three times with ben- 
zene. The benzene layers are combined, washed with water (four times), dried over magnesium 

25 sulfate and evaporated to give 13.2 g of a residue. This is chromatographed on a column of 25 
160 g of silica gel (by Merck 70-230 mesh) with n-hexane/benzene (7/3) (F-l. 2 L). n- 
hexane/benzene (65/35) (F-2. 2 L). n-hexane/benzene (3/2) (F-3, 2 L). n-hexane/benzene 
(55/45) (F-4. 1 L), n-hexane/benzene (1/1) (F-5. 0.5 L). n-hexane/benzene (3/7) {F-6. 1 L), n- 
hexane/benzene (1/4) (F-7, 0.8 L). and benzene (F-8, 1 L) in order. From the last three fractions. 

30 i.e. F-6, F-7. and F-8 is obtained 9.4 g of compound II,. as an oil, yield 90.3%. 30 

IR vmax (CHCy: 1740 (C(0)-O~C-(CH3)3), 1640 cm \ 

NMR Sppm (CDCI3): 1.50 (9H. s). 2.23 (3H. s). 2.00 (3H. s). 2.35 (3H. s), 3.20-3.93 {2H. m). 
35 5.10-5.45 (IH. m). 7.37-7.42 (1H. m). 35 

To a solution of 7.7 g (17.1 mmol) of the compound 11, in 80 ml of dry dichloromethane is 
added 2.7 g (20.2 mmol) of anhydrous aluminium chloride (powder) under ice-cooling while 
being stin-ed and the mixture is allowed to react for an hour and then for additional 2.5 hours at 

40 room temperature. ^. ^ . ^ . r ^«o/ u -j 

The reaction mixture is poured into tce-cold water, then combined with 6 ml of 10% hydro- 
chloric acid, and extracted three times with ether. The ether layers are combined, washed with 
water, dried over magnesium sulfate and evaporated to give 6.8 g of a residue. The residue is 
treated with a mixture of n-hexane-isopropyl ether to give crystals, mp. 124-128°C, which are 

45 recrystallized from isopropyl etiier to give 5.6 g of yellowish white crystals, yield 83.1% mp. 45 
131-132X. 



50 



m 
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Sanpla 2-15 




10 ^"m^ 

UOgC 

or * ' 

15 '^tC^ 15 
The compounds 0^,5) are prepared in the same manner as in Example 1, whose physical 
constants and reaction conditions are shown in the following Table 1 (Nos. 1 and 2). 
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Example 16 

6J4}ichloro-5-[2-(l,3-dithiolan-2-ylidene)-propyonyll-2.3-<lihydro-l-^^ 
mamide 



5 




10 



*3 hB 

15 In 5 ml of dichloromethane, 0.250 g (0.6 mmol) of the compound (IJ, 0.138 g (0,7 mmol) of 15 
1,3-dicyclohexyl carbodiimide (D.C.C.) and a large excess amount of methylamine are allowed to 
react at room temperature for 20 hours. The reaction product Is purified by chromatography on 
a Leber column (Type B) with a mixture of chloroform-benzene-ethyl acetate (3/1/1) to give 
0.21 g of the compound {1,5), yield 46.5%, mp. 230-233X (dec), which Is recrystalBzed from 

20 ethyl acetate to gwe 0.091 g of grayish crystals^ yield 34.9%, mp. 232-234X (dec.). 20 



Anal. Calcd. (%) for CsHtsOsNOaS, 

: C 47.53 H 3.74, CI 17.54, N 3.46, S 15.86, 
Found (%) : C 47.54, H 3.69, CI 17.81, N 3.55, S 15.90. 

25 IR vmax(NujoD : 3315, 3310, 1654, 1615, 1603 cm \ 

NMR Jppm (CDCL3) : 2.00(3H,s), 2.88(3H.d), 3.22-3.73|6H,m), 5.1 7-5.45(1H,m), 

6.60(1H,brt, 6.97(1H) 

Example 17 

30 6,7-DlchIoro-5-[3,3-bis(methylthio)-2-propenoyll-2,3-dihydro- 1 -benzof uran-2-carboxyacetic acid 




35 



40 



To 0.44 g (1.2 mmol) of the compound le (prepared from Example 6) are added 0.263 g (1.3 
mmol) of 1,3-dichlorohexylcarbodlimide and 5 ml of dry dioxane, and the mixture is stinted at 
45 room temperature for 2 hours. The mixture is combined with 0.337 g (1.4 mmol) of diphenylme- 45 
thyl glycolate and allowed to react for further 72 hours. The reaction product is purified by liquid 
chromatography on a Lober column (Type B) with a mixture of benzene-ethyl acetate (10/1) to 
give 0.345 g of the compound lU?, yield 49.3% 

50 NMR Jppm (CDCIJ: 2.47.PH, s), 2.53 (3H, s). 3.25-3.75 (2H, m), 4.83 (2H. s). 5.30-5.57 (1H, 50 
m), 6.43(1H, s), 6.92 (1H, s), 7.22-7.40 (11H, m). 

To 0.34 g (0.6 mmol) of the compound 11,7 are added 0.68 ml of anisole and 0.68 ml of 
triftuoroacetic acid. The mixture is allowed to react at room temperature for 5/6 hours while 
55 being stirred. The solvent is removed by evaporation and the residue is treated with n-hexane to 55 
give 0.243 g of the compound 1^. yield 98.8%, mp. 170-173T. This is recrystalllzed from 
ether-acetone to give 0.22 g of grayish white crystals, yield 89.4%, mp. 172-174'C. 

Anal. Calcd. (%) for CsHuajOeSj 
60 : C 43.94 H 3.23, CI 16.22, S 14.66, 60 

Found {%) : C 43.78, H 3.38, CI 15.98, S 14.37. 

IR vmax{NujoD : 3090, 1765, 1742. 1615, 1590 cm \ 

Example 18 

65 6.7-Dichloro-5-(2-methyl-1,3-dithlolan-2-ylpropyonyl)-2,3-dihydro-14)enzofu^^ 65 



# 
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To 0.50 g (1.3 mmol] of the compound I3 (prepared in Example 1) are added 0.277 g (1.3 
15 mmol) of 1 ,3-dicydohe)cylcarbodiimido. 0.60 g (2.5 mmol) of diphenylmethyl glycolate and 5 ml 15 
of dioxane, and the mixture is allowed to react and then worked up in the same manner as in 
Example 17 to gh^e 0.415 g of the compound li,8, yield 52.8%. 

NMR ^pm (CDCIJ: 1.95 (3H, s), 3.07-3.67 (6H, m), 4.73 (2H, s), 5,18-5.47 (1H, m). [6.83{s), 
20 6.80 (s) 2HI 7.23 (10H). 20 

A mixture of 0.40 g (0.6 mmoQ of the compound llta with 0.8 ml of anisole and 0.8 ml of 
trifluoroacetic add is treated in the same manner as in Example 1 to give 0.292g of the 
compound Us» y>eld 100%, mp. 200-203**C, which is recrystallized from ethyl acetate to give 
25 0.260 g of the grayish white crystals, yield 89.0%. mp. 202-204X. 25 



Anal. Calcd.(%) for C,^,4CLAS2 

: C 45.44 H 3.14, C! 15.78, S 14.27. 
Found (%) : C 45.26, H 3.36. CI 15.59. S 14.09. 
30 IR : miax(Nujol) 3040. 2670. 2570. 1768. 1740. 1715. 1612. 1602. 

Example 19 

5.74)ichoro-5-[2^1.3Hlithiolan-2-ylidene)acetyIl-2.3HJihydro-1-benzofuran-2-ca^^ add. 



35 



40 



45 




M9 



30 



35 



40 



45 



The compound Ha (prepared in Example 6) (0.60 g. 1.5 mmol) is allowed to react with 0.208g 
(2.2 mmol) of ethanedlthiol in 10 ml of toluene for 24 hours on an oil bath (140-145**C) while 
being stirred. The reaction product is chromatographed on a Lobar column (Type B) with a n- 
50 hexane/ethyl acetate (7/3) mixture to give 0.288 g of the compound 11,9 (oil), yield 48.0%. 50 

NMR Jppm (CDCIJ: 1.30 (3H. t). 3,13-3.77 (6H. m). 4.25 (2H. q). 5.17-5.55 (1H. m). 6.95(1 H, 
s). 7.17-7.40 (1H). 

65 To 0.52 g (1.3 mmol) of the compound ll,, are added 2 ml of ethanoi, 2 ml of dioxane and 2 65 
ml (2 mmol) of 1 N sodium hydroxide, and the mixture is allowed to react at room temperature 
for 30 minutes to gh/e 0.487 g of the compound 1,9. yield 100%. mp* 215-218X. This is 
recrystallized from acetone to give 0.42 g of grayish white crystals, yield 86.8%. mp. 
217-218X. 
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Anal. Calcd. {%) for C„HtoCl204S, 

C 44.57 H 2.67, CI 18.80, S 17.00, 
C 44.38, H 2.62, CI 19.03, S 16.77. 
2720, 2560, 2470, 1743, 1610. 1580 cm 



Found {%) 
5 IR vmax (Nujol) 



Example 20 

6,7-DicWoro-542-nriethyl-3,34)is(me*ylthio)propenoylh2,3-dihydro-1-benzo^ 
acid monosulfoxide 




15 



20 



To a solution of 0.67 g (1.5 mmol) of the compound il, (prepared in Example 1) in 11.2 ml of 
25 dry dichloromethane is added in small portions 0.26 g (1.5 mmol) of m-chloroperbenzoic acid in 25 
a 40 minute period under flowing nitrogen while being stirred at an internal temperature of -7 
to -5X. The resulting mixture is allowed to react at the same temperature for 15 minutes and 
then at room temperature for 40 minutes. The product is chromatographed on a Lobar (Type B) 
column with a chloroform/benzene/ethyl acetate (3/1/1) mixture to give 0.20 g of the com- 
30 pound lljo as an oil, yield 28.8%. 30 

NMR Jppm (CDCy: 1.50 (9H, s), 2.20 (3H. s), 2.33 (3H, s), 2.70 (3H. s), 3.10-3.93 (2H. m), 
5.13-5.43 (1H, m), 7.60 (1H). 

35 In the same manner as in Example 1, 0,20 g (0.4 mmol) of the compound \\^ is treated with 35 
trifluoroacetic acid and the ether-soluble matter is recrystallized from ethyl acetate to give 0.55 g 
of grayish white crystals, yield 31.1%, mp. 197-199'C (dec.). 

Anal. Calcd. (%) for C^HwCUO^S, 
40 : C 44.01 H 3.45, CI 17.33, S 15.67, 40 

Found {%) : C 44.02, H 3.54, CI 17.35, S 15.76. 
IR : vm3x(Nujol) 2600, 2470, 1720, 1670, 1605. 

Examples 21-27 t ac 

45 Compound l^^.j, and their intermediates II,, „ are prepared In the same manner as in Example 45 
19 or 20, whose physical constants and reaction conditions are shown in the following Table 2 
(Nos. 1 and 2). 
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Exampte 28 

67-Dtchloro-5-[3^-^is(m€thytthio)-2i)ropenoyi]-2^^ 

C£0 



10 ^ 



To a cooled solution {-78*C) of 0.55 g of the compound lie (prepared in Example 6) in 6 ml 
of dry tetrahydrofuran fTHF) is added 0.39 ml of a solution of 70% sodium bis(2-methoxyethox- 
yjaluminium hydride in toluene In 10 minutes while being stirred under nitrogen atmosphere. The 

15 mixture is allowed to react for 30 minutes. The reaction mixture is combined with 10% hydro- 
chloric acid and extracted with benzene (3 times). The benzene layer is washed with water, 
dried over dry magnesium sulfate and evaporated to give a residue, which is chromatographed 
on a Lober column (Type B) with chloroform/benzene/ethyl acetate (3/1/1) to give 0.40 g of 
the compound Ijs, yield 81.6%, mp. 160-163'*C. 

20 This is recrystallized from acetone to give 0.350 g of grayish white crystals, yield 71.4%, mp. 
1 63—1 65*C. 



Anal. Calcd. (%} for CMHuQ^OaSa 

C 46.28 H 3.33, CI 19.52, S 17.65, 
C 46.05, H 3.54, CI 19.59, S 17.49. 
2710, 1733, 1625, 1603 cm 

2.50 (s), 2.55 (s), 5.43-5.73 (1H, m), 3.37-3.68 (2H. m), 6.43 
(1H.S), 7.42 (1H), 9.70 (1H, s). 



25 Found (%) 
IR vmax(ISIujol) 
NMR ^pm (DMSO dj 



30 



Example 29 

6,7-Dichloro-5-{3,3-bis(methytthlo)-2-propenoyl]-2,3HJihydro-1-benzofura^^ 



35 



UUNaUC' 



C£0 pCfc^ 



40 



"29 



.118 g 
ml of 



45 



A mixture of 0.18 g (0.5 mmol) of the compound (prepared In Example 28), 0 
mmol) of pyridine, 0.069 g (1 mmol) of hydroxylamine hydrochloride (NH^OH.HCI), 2 
methanol and 4 ml of water, is allowed to react at room temperature for 1.5 hours under 
stim'ng. The precipitated crystals are collected by ffttration to give 0.170 g of the product l^ 
yield 90.9%, mp. 185-186X. This is recrystallized from acetone to give 0.130 g of grayish 
white crystals, yield 69.5%, mp. 188-189'*C. 



(1.5 



Anal. Calcd. (%) for C^HnCl^NO^Sj 

C 44.45 H 3.46, G 18.75. N 3.70, S 16.95, 
C 44.25. H 3.60. CI 18.60, N 3.60, S 16.84. 
3360. 1615, 1606 cm 

2.50 (s), 2.60 (s) (shaded by DMSO signal, 3.10-3.73 (2H, m), 
5.37-5.77 (IH, m). 6.42 (IH, s), 7.40 (IH), 7.57 (IH, d), 1 1 .35 (1H, s). 



50 Found (%) 
IR vmax (Nujol) 
NMR Jppm (DMSO dj 



55 



Example 30 

6,7-Dichloro-5-[3,3-bis(methylthio)-2i>ropenoyl]-2,3-dihydro-14>enzofu^ 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



m 
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BONUC 



ceo SO^ 



«29 



*30 



10 To a solution of 0.34 g (0.9 mmol) of the compound I29 (prepared in Example 29) and 0.08 g 
(1.0 mmol) of pyridine in a mixture of 5 ml of ether and 5 ml of tetrahydrofuran is added 0.158 
g (0.9 mmol) of phenylchlorosulfate (Ph-OSOCI) [co: E. Bissingene JACS 70 2664 (1948)] at OX 
under stirring. The mixture is. allowed to react In accordance with the method as disclosed in J. 
G. Krause et. al. Synthesis 502 (1975). The reaction mixture is purified by liquid chromatography 

15 on a Lober column (Type B) chloroform/benzene/ethyl acetate (3/1/1) to give 0.130 g of the 
compound lao, yield 40.2%, mp. 205-'209''C. This is recrystallized from acetone to give 0.100 g 
of grayish white crystals, yield 31.0%, mp. 209-2 10°C. 



Anal. Calcd. (%) for C^HiANO^Sa 



20 



Found (%) 

IR vmax (Nujol) 

NMR Sppm (DMSO djj 



C 46.67 H 3.08, CI 19.68, N 3.89, S 17.80, 
C 46.61, H 3.15, CI 19.62, N 4.02, S 17.96. 
1622, 1605 cm \ 

2.50(s), 2.58 (s) (shaded by DMSO signal). 3.57-3.90 (2H, m), 
6.05 (1H, s), 6.42 (IK m), 7.48 (1H). 



25 



10 



15 



20 



25 



Example 31 

6,74!)lchloro-5-(2-(1 ,3-dithIol-2-ylidene)propynoyl}-1-benzofuran-2-carboxylic acid. 



30 



fcBu02C 



35 




30 



35 



40 To a suspension of 0.255 g (6.2 mmol) of 65.6% sodium hydride in 5 ml of dry acetonitrile is 40 
added a solution of 1.50 g (4.3 mmol) of the compound III2 in 5 ml of acetonitrile under 
nitoregen flow while being stirred at room temperature. Subsequently, 1 ml of N,N-dimethylace- 
toamide Is added to the mixture and the resulting mixture is allowed to react for 1.5 hours and 
then 1.44 g (5.2 mmol) of 2^methylthi6-1.3-dlthioliodide [L. Russell Melky et. al. JOC 39, 2456 

45 (1974)] is added to the reaction mixture and this mixture is allowed to react for 6 hours. The 45 
reaction product is purified by ftquid chromatography on a Lober column (Type B) with a mixture 
of n-hexane/ethyl acetate (7/3) to give 0.4 g of a cnide product, yield 20.6%, This is treated 
with ether to give 0.284 g of the compound II3,, yield 14.7%, 175-1 77''C. 

50 NMR Jppm (CDCIJ: 1.50(9H. s). 3.07-3.73 (2H, m), 5.08-5.37 (1H, m). 6.87-7.13 (3H, m). 50 

To 0.41 g (0.9 mmol) of the compound II3, is added 4.1 ml of trifluoroacetic acid and the 
mixture is allowed to react at room temperature for an hour under stirring. 
The solvent is evaporated and the residue is treated with n-hexane to give 0.36 g of the 
55 compound I3,, yield 100%, mp, 266-270X (dec). 55 

Anal. Calcd. (%) for C|3H,oCl204S2 

: C 46.28 H 2.59, CI 18.22, S 16.47, 
Found (%) : C 46.19, H 2.78, CI 18.24, S 16.35. 
60 IR : vmax (Nujol) 2650, 2560, 1712 (sh 1750), 1608, 1583. 60 



Example 32 

6,7-D(chloro-5-(3,3-bis(methylthio)-2-propenoyl]- 1-benzofuran-2-carboxyiic acid. 



14 
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A mbcture of 1.50 g (5.0 mmol) of ethyl 5-aceyl-6,7-cnchloro-2,3-dlhydr<>-1-benzofiiran-2-car- 
boxylate 111, (Wfliiam. Hoffman, et. al.^ J. Med. Cham. 24 865 (1981)), 0.025 g (0.1 mmoQ of 
15 benzoperoxide, 0.9 g (5.1 mmoi) of fsl-bromosucdnimide and 50 ml of carbon tetrachloride is 15 
allowed to react acconJing to the method disclosed in the above-mentioned Prterature. 

The reaction product is treated in 0.6 ml (5.2 ml) of 1,5-diazabicyclo[4.3.0]none-&-ene and 
12.5 ml of dimethyl sulfoxide, mentioned in the same literature, to give 1.20 g of the compound 
yield 80.5%, mp. 120-122X. 
20 20 
NMR Jppm (COaj: 1.45(3H, t), 2.67 (3H, s), 4.47(2H, q), 7.53 (1H, s), 7.73 (IH, s). 



From 1.20 g (4.0 mmol) of the compound Ilia, is prepared 0.66 g of the compound II32, with 
treating in the same manner mentioned in Example 1, yield 40.9%, mp. 184--185X. 
25 25 
NMR Jppm (CDCU: 1.42(3H, t), 2.50 (3H, s), 2.57 {3H, s), 4.45 (2H, q), 6.40 (1H, s), 7.50 (1H, 
s), 7.68 (1H, s). 

According to Example 1, 0.30 g of (0.7 mmoQ of the compound II32 is hydrolyzed with alkali 
30 to give 0.279 g of the product t,,, mp. 266-27 IX (dec). This is recrystallized from acetone to 30 
give 0.258 g of grayish white crystals, yield 92.4 %, mp. 268-271"^. 



Anal. Calcd. (%) for CtMxtPi^A 

C 44.57, H 2.67. CI 18.80, S 17.00, 
C 44.40, H 2.83, CI 18.83, S 16.70. 
2700, 2600, 2520, 1700, 1627. 1608 cm \ 



35 Found (%) 
IR iTnax (Nujol) 



35 



Example 33 

6,743ichloro-5-[2-methyl-3,3-bis(methylthio)propenoyl]-1-benzofuran-2-carboxylic acid 



40 

45 



50 




40 



45 



50 



In the same manner as in Example 32 is treated 3.0 g (9.5 mmol) of the compound III, to give 
2.24 g of the compound III,,, yield 75.6%, mp. 107-1 OS'C. 
55 55 
NMR ^ppm (CDCy: 1.23 PH. t). 1.43 (3H. t), 2.90 {2H. q). 4.45 (2H. q). 7.53 (1H. s). 7.63 
(1H. s). 



In the same manner as in Example 1 is treated 1.70 g (5.4 mmol) of the compound III,, to 
60 give .0.50 g of the compound li,„ yield 22.1% 

NMR 5ppm (COaj: 1.43 (3H, t), 1.88 (3H. s), 2.30 (3H. s). 2.37 |3H. s). 4.45 (2H. q). 7.52 
(1H, s). 7.72 (1H. s). 



80 



65 In the same manner as In Example 1 is hydrolyzed 0.095 g (0.2 mmol) of the compound llaj 65 




15 



GB2169893A 15 



to give 0.084 g of the compound l,„ yield 95.5%, mp. Zie-ZIS^C (dec). 

This is recrystailized from ethyl acetate to give 0.074 g of grayish white cryst^, yield 84.1%, 
mp. 218-219''C. 

5 Anal. Calcd. (%) for CwHuQASj 

: C 46.04 H 3.09. a 18.12, S 16.39. 
Found (%) : C 45.98. H 3.28. a 18.19. S 16.18. 
IR ; vmax (NujoO 2710, 2600, 2500, 1714, 1692, 1625, 1604. 



10 Example 34 

e,7-Oichloro-6H2-(1 .3-<fithloian-2-yliden)acetyll-1-ben2ofiiran-2-carboxyfic add 



ceo 

15 



20 



25 



In the same manner as in Example 19 is treated 0.350 g (0.9 mmol) of the compound II32 
(prepared in Example 32) to give 0.120 g of the compound 1134, yield 34.596 nrip, 235-237X. 

NMR Jppm (CEX:y: 1.45(3H. t), 3.52 (4H. br), 4.50 (2H. q). 6.93 (IH, s), 7.58 (1H. s). 7.72 
30 (1H. s). 

In the same manner as mentioned in Example 32 is hydrolyzed 0.120 g (0.3 mmol) of the 
compound II34 to give 0.1 12 g of the compound I34, yield 100% mp. 300-305*^0 (dec). This is 
recrystailized from methyl ethyl ketone to give 0.105 g of grayish white crystals, yield 93.8%, 
35 mp. 305-309X (dec). 



Anal. Calcd. (%) for C^HeCIASj 

C 44.81 H 2.15, CI 18.90, S 17.09, 
C 44,91, H 2.40, CI 18.91, S 16.89. 
2570, 1714, 1611, 1580 cm «. 



Found (%) 
40 IR I'max (Nujol) 



Example 35 

6,7-Dichloro-5^2Hnethyl-3HTiercapto-3-(methylthio)propanoyl-2,3-Klihyd 
boxylic acid 

ceo «0 /«ij*OCf^ 





10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



The compound III, (7.0 g, 23.1 mmol) is allowed to react with 2.10 g (56.9 mmol) of 65% 
65 sodium hydride, 14 g (69.6 mmol) of 4-methoxyl-benzylbromide, 5.3 (69.6 mmol) of carbon 



# 

16 
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disuHide, 90 ml of dry ether, 4.7 ml of N,N<limethylacetoam!de and a catalytic amount of 
potassium iodide in the same manner as mentioned in Example 1 to give 8.1 g of the compound 
yield 56.6%. 

5 NMR Jppm (COaj: 1.28(3H, tX2), 3.08-3.83 (8H, m), 4.03-4,43 (6a m), 5.12-5.40 {1H, m), 5 
6.50 (ia 6). 6.63-7.37 (1H). 

To 5.50 g (8.9 mmof) of the compound IVss are added 11 ml of anisole and 11 ml of 
trtfluoroacetic add, and the mixture is allowed to reacted under stim'ng at room temperature for 
10 2 hours. The solvent is evaporated and the resulting residue is chromatographed on a 40 g 10 
sifical-gel column with a mixture of n-hexane/benzerie (7/3), with n-hexane/benzene (7/3) OF-I, 
400 ml), f>-hexane/l3enzene (1/1) (F-2, 200 mQ, n-hexane/benzene (2/3) 0F-3, 200 ml) and 
benzene (F-4, BOO ml) as ehiates in order. From the last fraction, 3.93 g of the compound V35 is 
recovered, yield 88.8%. 

15 15 
NMR Jppm (CDCy: 1.30(3H, ^, 3.17-3.70 (2H, m). 4.08-^.43 (4H, m), 5.18-5.47 (IH, m), 
6.57 (1H, s). 6.70-7.43 (5H), 14.94 (1H, s). 

To a suspension of 1.9 g (3.8 mmot) of the compound Vas and 0.79 g (5.7 mmol) of 
20 powdery potassium carbonate in 10 ml of N,N-dimethyiformamide, under nitrogen flow while 20 
being stirred at room temperature is added 1.08 g (7.6 mmol) of methyl iodide, the mixture is 
allowed to react for 2 hours. Insoluble material is filtered off and benzene is added to the 
filtrate. The benzene solution is washed with water (4 times), dried over anhydrous magnesium 
sulfate and evaporated to give a residue which is treated by high performance liquid chromato- 
25 graphy on a Lober column (Type B) with a benzene/ethyl acetate (10/1) mixture to. give 1.80 g 25 
of the compound Vlas, yield 92.0%, 



NMR ^ppm (CDCIJ: 1.30(3H, t), 2.50 (3H, s), 3.10-3.70 (2H, m), 3.78 (3H, s). 4.07-4.47 

(4H, m), 5.17-5.45 (1H, m), 6.43, 6.57 (1H, sX2), 6.73-7.40 (5H). 
30 30 
To 1.81 g (3.5 mmol) of the compound Vl^ are added 3.6 ml of anisole and 3.6 ml of 

trifluoroacetic acid, and the mixture is allowed to react at room temperature for 2 hours under 

stim'ng. Toluene is added to the reaction mixture and then the resulting mixture is evaporated to 

give a residue. The residue is chromatographed on a column of 18 g of silica-gel with n- 
35 hexane/benzene (7/3) mixture, with n-hexane/benzene (7/3) (F-1, 600mD, r>-hexane/benzene 35 

(1/1) (F-2, 200ml), and n-hexane/benzene (2/3) (F-3, 400ml) as eluents in order. From the last 

fraction i.e. F-3, 1.30 g of the compound Has is recovered, yield 93.8%. 

IR vmax (CHCIJ: 1755, 1730, 1608, 1585 cm \ 
40 NMR ^ppm (CDCIJ: 1.30(3H, t), 2.62 {3H, s), 3.12-3.95 (2H, m), 4.25 (2H, q), 5.22-5.65 (1H, 40 
m), 6.60 (1H. s), 7.28 (1H), 14.95 {1H,s). 

To 0.24 g (0.6 mmoO of the compound II35 are added 3 ml of ethanol and 1.2 ml of IN 
potassium hydroxide, the mixture is allowed to react at room temperature for an hour. The 
45 solution is evaporated to gh/e a residue to which is added 10% hydrochloric acid to adjust to 45 
pH 3. The precipitated crystalline solid is collected by filtration, washed with water, and dried to 
give 0.213 g of the compound I,,, yield 95.5%, mp. 182-185''C (dec). This is recrystallized 
from ethanol to give 0.113 g of yellow crystals, yield 5o.5%, mp. 185-186''C (dec.). 

50 IR vmax (Nujol): 3040. 2750, 2660, 2540, 1723 (sh 1708), 1608, 1584 cm ' 50 
Anal. Calcd. (%) for CjaH^oClAS, 

: C 42.75 H 2.76, CI 19.41, S 17.56, 
Found (%) : C 42.84, H 2.88, CI 19.37, S 17.40. 

55 Examples 36 and 37 55 
The compounds I35, I37 and their intermediates are prepared in the same manner as in Example 
35, whose physical constants and reaction conditions are shown in the following Table 3 (Nos. 
1 to 5). 
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Example 38 

6 J-Dichlor<>-543-(chloix>thio)-3-(methylthio)-2i)ropenoyip2«^^ 1 4>enzotiiran-3-carboxylic 
acid 



5 



5 



10 



15 




10 



15 



To 0.56 g (1.4 mnnol) of ethyl 67H:hIoro-5-(3-{mercapto)-3-(methylthio)-2-i)ropenoyIJ-2.3<lih^^ 
20 dro-1-benzofuran-2-carboxylate (prepared in Example 35) are added 0.387 g (2.8 mmol) of dry 20 
potassium carbonate, 0.250 g (1.9 mmol) of crotyl bromide and 5 ml of N,N-dimethyHbrmamide, 
and the mixture is allowed to react at room temperature for an hour while being stirred. 
Insoluble material is filtered off and benzene is added to the filtrate. The filtrate is washed with 
water, dried over anhydrous magnesium sulfate and evaporated. The residue is purified by high 
25 performance liquid chromatography on a Lober column (Type B) with a benzene/ethyl acetate 25 
(10/1) mixture to give 0.578 g of the oily compound lU, yield 90.7%. 



To 0.185 g (0.4 mmol) of the compound II38 are added 0.82 ml (0.8 mmol of IN potassium 
hydroxide and 2 ml of ethanol. The mixture is allowed to react at room temperature for an hour. 
The solvent is evaporated to give a residue, to which ether is added. The mixture is adjusted to 
pH 3 with 10% hydrochloric acid while being stirred under ice-cooling. The ether layer is 
35 separated, washed with water, dried over dry magnesium sulfate and then evaporated to give 35 
0.14 g of the objective product I38, yield 80.9%. mp. 166-169X. This is recrystallized from 
ethyl acetate to give 0.10 g of grayish white crystals I38, yield 57.8 %, mp. 175-176X. 

Anal. Calcd. {%) for CHteCIASj 
40 : C 48.69 H 3.85. CI 16.91, S 15.29. 40 

Found (%) : C 48.52. H 3.85. CI 16.98. S 15.12. 

IR max (Nujol) : 2700, 2580. 2480. 1746, 1608 cm 

Examples 39-4 1 

45 The compounds are prepared in the same manner as in Example 38, whose physical constants 45 
and reaction conditions are shown in Table 4 (Nos. 1 and 2). 



NMR *pm (CDCI3): 1.32(3H. t), 1.72 (3H. d). 2.50 (3H, s), 3.10-3.90 (4H, m). 4.43 (2H, q), 
5.20-6.03 (3H. m), 6.55 (IH. s), 7.27 (1H). 
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30 
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Example 42 

6J-Dichloro-5^3-(methylthio)-3-{vinyhhio)-2-propenoyll-2.^ 
add 




ce o I 



15 



^42 



*42 



20 



To 0-30 g (0.8 mmol) of the compound II37 (prepared in Example 37) are added 0.221 g (1.6 
mmol) of powdery potassium carbonate and 3 ml of acetonitrile while being stirred at room 
temperature, and 0.276 g (1.2 mmol) of 2-bromoethyl phenyl sulfide is added thereto. The 
mixture is allowed to react for 16 hours and then treated in the same manner as in Example 38 
25 to give 0.4 g of the compound VIL yield 95.2%. 

NMR Jppm (CDCy: 2.47(3H, s), 3.13-3.68 {6H, m), 3.80 (3H, s). 5.17-5.55 {1H, m|, 6.32, 
6.43 (1H, s-s). 7.18-7.72 (6H, m). 

30 To 0.4 g (O.Smmol) of the compound VII is added 8 ml of toluene and the mixture is allowed 
to react on an oil bath (135-140X) for 16 hours while being stirred. The reaction product is 
treated by high performance liquid chromatography on a Lobar column (Type A) with dichloro- 
methane to give 0.213 g of the compound lU yield 69.8%. mp. 101-102X. 

35 NMR ^ppm (CDCIJ: 2.47, 2.52 (3H, s-s). 5.20-5.93 (3H, m), 6.33-7.13 (2H, m), 7.30 (1H). 

The above product is hydrolyzed with an alkali in the same manner as in Example 1 without 
purification to give 0.170 g of the compound Uj, yield 88,1%, mp. 160-168*C, which is 
recrystallized from ethyl acetate to give 0.133 g of grayish white crystals, yield 68.9%, mp. 
40 170-1 72'C. 



Anal. Calcd. (%) for C,S»C\fi3Sj 

Found (%) 
45 IR max (Nujol) 

NMR Jppm (ME2CO d»6) 



C 46.04 H 3.09, CI 18.12, S 16,39, 

C 45.83, H 3.13, CI 18.05, S 16,29. 

2940, 2560, 1704. (3h. 745), 1632. 1605cm 

2.58{3H, s), 3.23-4, 10(2H,m), 5.30-6.30(4H,m), 

6.57-7 .23(2H,m), 7.35(1 H). 



10 



15 



20 



25 



30 



35 



40 



45 



Example 43 

50 6.7-Dichloro-5-[2-(1-methyla!lyl)-3.3-bis(methylthio)propenoyll-2.3-dihydro-1-benzofuran-2-car- 
boxylic acid 



55 



60 





*43 



Under a reduced pressure (4/100-8/100 mmHg), 0.32 g (0.7 mmol) of the compound Has is 
65 heated on an oil bath (200X) for 5 minutes. The reaction product Is chromatographed on a 



50 



55 



60 



65 




22 GB2169893A 22 

Lober column (Type A) with dichloromethane to give 0.173 g [containing 0.056 g (17.5%) of M^^ 
remaining unchanged] of an oily material, to which 0.10 g (0.7 mmol) of powdery potassium 
carbonate, 0.085 g (1.4 mmol) of iodomethane and 2 ml of N,N-dimehtylacetoamide are added. 
The resulting mixture is allowed to react at room temperature for 14 hours wWIe being stirred. 
5 The reaction product is chromatographed on a Lober column fType A) witfi dichloromethane as 5 
an eluent to give 0.115 g of the compound ll^, as an oil, yield 43.7%. 



10 



15 



NMR Jppm (COaj: 1.18-1,43 (6H, m), 2.00 (SH, s), 2.35 (3H, s), 3.15-3.72 (3H, m), 4.27 
{2H, q), 4.87-6.23 (4H, m);7.38 (1H). 

To 0.115 g (0.2 mmoQ of the compound ll« are added 0.5 ml of IN potassium hydroxide and 
1 ml of ethanol, and the mixture is hydrolyzed to give 0.10 g of the objective product I43, yield 
91.7%, mp. 155-159X. This is recrystailized from a mixture of isopropyl ether/n4iexane to give 
0.056 g of grayish white crystals, yield 51.4%, mp. 162-164X. 



Found (%) 
IR vmax (Nujof) 



C£ o 




10 



15 



Anal. Calcd. (%) for C,8H,bC1204S2JH2O 

C 49.37 H 4.26, CI 16.20, S 14.65, H^O 1.03 
C 49.49, H 4.18, CI 16,47, S 14.48, H^O 0.80 
3260 (br), 1760, 1605, 1598 cm 
20 20 
Example 44 

6,74>ichloro-5-(3,3-bis(rnethylthio)-2-propenoyl}-2,3<lihydro-1-benzofuran-^^ methanol 



30 



— 25 

30 





»44 



40 To a solution of 4.0 g (18.3 mmol) of 6,7-dichlora-2,3-dihydro-l-benzofuran-2-yl methanol (W. 40 
F. Hoffmann et. al. J. Med. Chem. 24, 865-873 (1981)) and 3.70 g (47.1 mmol) of acetyl 
chloride in 40 ml of dichloromethane is added in small portions 7.3 g of dry aluminium chloride 
over a 0.5 hour duration while being stirred under ice-cooling, and the mixture is allowed to 
react at room temperature for an hour. The reaction product is chromatographed on a Lober 

45 column (Type B) to give 4.98 g of the compound X44. yield 89.9% mp. 90-93T. This is 45 
recrystailized from ethyl acetate to give 4.98 g of grayish white crystals, yield 89.9%, mp. 



Anal. Calcd. (%) for C^aH^^CIA 
50 : C 51.50 H 3.99, CI 23.29, 50 

Found (%) : C 51.36, H 3.98, CI 23.26. 

IR : vmax (Nujol) 1735, 1685 cm «. 

NMR Jppm (CDCy : 2^07 (s,3H), 2.60 (3H,s), 2.83-3.70 (2H, m), 4.32 {2H, d), 4.97-5.45 

{lH,m), 7.32 (1H). 

55 55 
To 4.78 g (15.8 mmol) of the compound X44 are added 20ml of methanol and 20 ml of IN 
potassium hydroxide, and the mixture is allowed to react for an hour. The solvent is removed by 
evaporation and the residue is dissolved in dichloromethane. The dichloromethane layer is 
washed with water (2 times), dried over anhydrous magnesium sulfate, and decolored by 

60 chromatography on 4 g of si!ical-gel to give 3.51 g of the compound X yield 85.2 %, mp. 60 
102-105**C. This is recrystailized to give grayish white crystals, mp. 105-106*'C. 
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Anal. Calcd. 1%) for C„HJ3jO, 

: C 50.60 H 3.86, CI 27.16, 
Found {%) : C 50.39, H 3,80. Q 26.96. 
IR : vmax (Nujol) 3500(br), 1677 cm"'. 

NMR : 2.58 (3H,s); 2.83-3.63 (3H. m+D,0 2H). 3.70-4.18 (2H, m). 4.85-5.33{1H,in». 

7.28(1 H). 

To a solution of 3.30 g (12.6 mmol) of the compound X I and 2.13 g (25.3 mmol) of 
dihydropyrane In 35 ml of chlorofonn Is added a catalytic amount of p-toluenesulfonic aad. and 
the mixture is allowed to react at room temperature for 3 hours while being stirred. Chloroform 
is evaporated and the residue is dissoved In ether, poured into an amnonia (2 mlHce mixture. 
The ether layer is separated, dried over anhydrous magnesium sulfete and evaporated to give 
4.39 g of the compound X II, yield 100%. 

NMR: *pm 1.58 (6H,bi1. 2.60(3H,s). 2.93-4.13 (6H,m). 4.62(1H.br), 4.95-5.43(1 H,m). 
7.35(1H). 

In the same manner as in Example 1 is treated 2.30 g (6.7 mmol) of the compound X II. To 
the reaction mixture are added 5 ml of arnsole and 5 ml of trifluoroacetic acid and the mixture is 
allowed to react at room temperature vwhile Wng stmred. The reaction product is treated by 
chromatography on a Lobar column, crystallized from n-hexane, and recry^allized ftom ethyl 
acetate to gh« 0.47 g of pale yellow crystalline soDd, yield 19.3%, mp. 120-121%:. 

25 Anal. Calcd. (%) for Cu»»Clfi^, 

C 46.03 H 3.86, CI 19.41, S 17.56 
C 45.84, H 4.03. O 19.46. S 17.52 

2.03 (1H,br), 2.50(3H,s). 2.53(3H.s). 3.12-340(2H.m). 3.95(2H.br-t,D,Ot). 
4.85-5.32(1 H.m). 6.48(1H.s), 7.27(1H). 



10 



15 



20 



Found (%) 

NMR Jppm (COCL,) 



30 



10 



15 



20 



25 



30 



35 



3,3-Bis(methyhhio)-1H6,7-dichloro^2-methoxymethyl-2,^^^^ 
dehyde 



^44 



Q?0 




*45 



To a suspension of 0.037 g of 65% sodium hydride in DMF is added a solution of 0.36 g (1 
45 mmol) of the compound l„ in 2 ml DMF under nitrogen atmosphere at room temperature while 
being stirred. Subsequently, an excess amount of methyl iodide added thereto and the mixture is 
allowed to react for 2 hour$. The reaction product Is chromatographed on a Lober column to 
give 0.065 g of the compound U yield 17.4%, mp. 132-134^C, which is reciysteHized from 
Isopropyl ether-hexane to give 0.05 g of pale yellow crystalline product, yield 13.5%, 
50 135-136X. 



35 



40 



45 



50 



Anal. Calcd. (%) for CisH^CIjOaSj 

C 47.49 H 4.56, CI 18.69, S 16.91 
C 47.38, H 4.30, CI 18.85, S 16.86. 

[2.48(s), 2.53(s), 6H], 3.10-3.50 {5H,m), 3.63|2H,d), 4.87-5.370 H.m), 
6.47(1H.s), 7.25(1H). 



Found {%) 
55 NMR Jppm (CDCLJ 



55 



6,7-Dichloro-543-mercapto-3-(methylthio)-2i)ropenoylh2,3-<lihydro-1-^ 



24 
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0- 



OH2< 



9? ? 



*46 



Using 3.43 g (9.9 mmol) of the compound X W, 2.27 g (29.8 mmol) of carbon disulfide, 6.0 g 
10 (29.8 mmol) of 4>methoxybenzy!bromide, 0.88 g (23.8 mmol) of 65% sodium hydride, 1.98 ml 10 
of N,N-dimethylacetoamide and 10 ml of ether, the reaction is made In the same manner as in 
Example 35. A portion (1.6 g) of 2.7 g of the reaction product [the remains (1.1 g) are used in 
Example 49] is allowed to react with 3.2 ml of anisole and 4 ml of trifluoroacetic acid for 1.5 
hours and then to react with methyl iodide in the presence of anhydrous potassium carbonate in 
15 acetonrtrile for 0.5 hours. The product is treated with a trifluoroacetic acid/anlsole mixture and 15 
purified by using a Lober column to give 0.24 g (yield 1 1.7%) of the compound l^e, m.p. 
100-102''C. This is recrystallized from isopropyl ether to give 0.20 g (yield 9.7%) of pale yellow 
crystals, m.p. 101-102X. 

20 Anal. Calcd. (%) for C^Hua^OsS, 20 



25 



Found (%) 
IR I'max (Nujoi) 
NMR ^pm iCDd^ 



C 44.45 H 3.44, □ 20.19, S 18.25 
C 44.21, H 3.48, CI 20.37, S 18.18. 
3400 (br), 1595, 1609 cm \ 

2.02(br,1H, disappeared by addition of DjO, 2.63 (3H, s), 2.92-3.43{2H. 
m), 3.67-4.10 (2H, m). 4.82-5.38 (IH, m), 6.62 (1H, s), 7.48 (1H), 14.97 25 
(1H, s). 



Example 47 

6,74)ichloro-5^2-methyl-3Hfnercaptc>-3-(methylthio)properK)yl]-2,3<lihydro-14>enzofura 
30 metiianol 



35 



40 



0- 



OBUC 



CP O 



30 



35 



40 



^47 



U7 



45 6,7-Dichloro-2,3-dihydro-1-benzofuran-2-y!-methanol (6.0 g, 27.4 mmol) Is allowed to react 
with 7.6 g (82.1 mmol) of propyonyl chloride (82.1 mmol), 11.0 g (82.5 mmol) of anhydrous 
aluminium chloride, and 30 ml of dichioromethane in the same manner as in Example 44 to gh/e 
7.10 g (yield 82.7%) of the compound X^, m.p. 49-50^. 



50 Anal. Calcd. (%) for C,sH,eCl204 

C 54.39 H 4.87, CI 21.41, 
C 54.19, H 4.92, Q 21,37. 
1742, 1697, 1607 cm \ 

1.10 (t, 3H). 1.17 (t, 3H), 2.35(2H, q), 2.92 (2H, q). 3.10-3.70 (2H, 
55 m), 4.30 (2H, d), 4.93-5.43 (IH, m), 7.17 (1H). 



Found (%) 
IR iinax (Nujol) 
NMR ^ppm (CDCIa) 



45 



50 



55 



The compound X47 (7.1 g, 21.4 mmol) is treated with 14 ml of ethanol and 26 ml of IN- 
potassium carbonate in the same manner as in Example 44 to give 5.40 g (yield 91.5%) of the 
compound X U7, m.p. 94-95X. 
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Anal. Calcd. {%) for C^jHiaClaOg 

C 52.38 H 4.40, a 25.77, 
C 52.15, H 4.45, □ 25.63. 
3510, 3430, 1682, 1654, 1604 cm \ 

1.15 {3H,^. 2.70-3.40 f7H, m), 3.55-4.17 (2H, m), 4.83-5.15 {1H, m). 
7,17 (1H). 



Found {%) 
5 IR vmax (Nujol) 
mm Sppm (CDCIa). 



The compound X U (5.0 g, 18.2 mmol) is treated with 3-05g 06.3 mmoD of dihydropyrane 
10 in the same manner as In Example 44 to give 6.53 g (yield 100%) of the compound X lU,. 

NMR ^pm (CDCy: 1.18 (3H, t), 1.63 (6H, br), 2.73-4.17 (8H, m) 4.67 (1H, br), 4.93-5,40 
(1H, m), 7.20 (1H). 

The compound X II47 (4.0 g, 11.1 mmol) Is allowed to react with 2.54 g (33.4 mmol) of 
15 carbon disulfide and 6.72 g (33.4 mmol) of 4-methoxybenzyl bromide in the same manner as in 
Example 46 to give the finally objective compound, which is recrystallized from water/isopropyl 
ether to give 0.060 g (yield 1.4%) of the compound I4, as pate yellow crystals, m.p. 85-87X. 



Anal. Calcd. (%) for CJ^ l/AHjO 



20 



Found (%) 
IR vmax (NujoQ 
NMR ^pm (COCy 



25 



C 45.47. H 3.95, CI 19.18, S 17.34, H^O 1.22, 
C 45.54, H 3.94, CI 19.18, S 17.38, H^O 1.04, 
3360, 1685, 1603 cm 

{1.62 (d), 2.00 (s), 3H], [2.57 (s), 2.63 (s), 3H1, 3.03-3.58 (3H, m), 
.3.70-3.95 (2H, m), 4.76-5.43 (1H, m). 



Example 48 

6,7-Dichloro-5-{2-methyl-3,3-bis{methylthio)propenoyll- 1 -benzofuran-2-yl-methanol 




10 



15 



20 



25 



30 



35 



40 



45 



"48 



In the same manner as in Example 33, 3.75 g (11.3 mmol) of the compound X4, (Example 47) 
50 is treated to give 2.95 g (yield 79.2%) of the compound X III. 

NMR Jppm (CDCy: 1.17. 1.22 (6H, tX2), 2.40 (2H, q), 2.93 (2H, q), 5.22 (2H, s), 6.78 (1H, s), 
7.47 (1H, s). 

55 In the same manner as in Example 33, 2.95 g (9.0 mmol) of the compound X ill is treated to 
give 2.40 g (yield 98.0%) of the compound X IV as grayish white crystals, m.p. 93-95*C. 

Anal. Calcd. (%) for C^^H^oCIA 

: C 52.77, H 3.69, CI 25.96, 
60 Found (%) : C 52.48, H 3.76, CI 25.77. 

IR vmax (Nujol) : 3250, 1704 cm \ 



50 



55 



60 



In the same manner as in Example 33, 2.20 g (8.1 mmol) of the compound X IV is treated 
with dihydropyrane to give 2.30 g (yield 79.9%) of the compound X V. 
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mn Sppm (COCy: 1.22 oh, t). 1.70 (6a m), 2.95 (2H, q). 3.25-^.33 (2H, m), 4.50-5.00 
{3H, m), 8.73 {1H, s), 7.45 (IH, s). 

In the same manner as in Example 1, 2.10 g (5.9 mmol) of the compound X V is allowed to 
5 react for 18 hours to gWe Z10 g (yield 77.2%) of the compound tl48. 

NMR Sppm (COaj: 1.67 (6H, m), 1.90 (3H, s), 2.27 (3H, s), 2.35 (1H, s), 3.33-4.17 (2H, m), 
6.42 (3H. m), 6.73 (1H. s), 7.62 (IH, s). 



10 In the same manner as in Example 44, 0.65 g (1.4 mmol) of the compound ll^a is treated with 
anisole/trifluorodcetic acid to give 0.430 g (yield 80.8%) of the compound 14a, m.p. 120-122'C. 
This is recrystallized from isopropyl ether to give 0.352 g (yield 66.2%) of pale yellow crystals, 
m.p. 122-123-C. 



10 



15 Anal. Calcd. (%) for CJi^fii^JS^ 15 

C 47.75. H 3.74, CI 18.79, S 17.00, 
C 47.63, H 3.81, CI 18.65, S 16.88. 
3580, 3420, 1651, 1606 cm 

1.88 (3H, s). 2.28 (3H, s), 2.35 (3H, s), 2.98 (IH, % 4.75 (2H, d, 0,0, 
20 s), 6.62 (IH, s), 4.78 (IH, s). 20 



Found (%) 
IR vmax (Nujol) 
NMR Jppm (CDCU 



Example 49 

6,74)lchloro-5-{2H1,3KJtthioran-2-ylidene)acetyl]-2,3Kiihydro-1-4^^ 



25 



30 




•49 



Found (%) 
40 IR miax (Nujol) 
NMR Jppm (CDCU 



25 



30 



In the same manner as In Example 19, 1.0 g of the compound prepared from the 1st step of 
the processes in Example 47 is treated with 0.28 g of ethanedithiol to give 0.15 g (yield 
11.2%) of the compound l^g, m.p. 165-170*C. This is recrystallized from ethyl acetate to give 
35 0.10 g (yield 7.5%) of pale yellow crystals, m.p 170-17rC. 35 



Anal. Calcd. (%) for C,4H„aAS2 

C 46.28, H 3.33, CI 19.52, S 17,65, 
C 46.24, H 3.38, CI 19.68, S 17.38. 

3410, 1605, 1590 cm 40 
2.81 (IH, br-t), 3.07-4.25 (8H, m), 4.80-5.33 (IH, m), 6.93 (IH. s), 7.20 
(IH). 



45 Example 50 45 
6,7-Dichloro-542-(1,3-d*ithioran-2-ylidene)acetyl]-2,3-dihydro-1'^enzofijran-2'yt-me acetate 



50 I 



49 



O 



50 



55 To a solution of 0.075 g (0.2 mmol) of the compound U (Example 49), 0,042 g (0.4 mmol) 55 
of triethylamine, and a catalytic amount of 4-(N,N'dimethylamino)-pyridine in 2 ml of dry dichloro- 
methane is added 0.035 g (0.4 mmol) of acetyl chloride while being stirred under ice-cooling, 
and the mixture is allowed to react for 0.5 hour. The reaction product is chromatographed on a 
Lobar column (type A) with benzene/ethyl acetate (10/1) as an eluent to give 0.08 g (yield 

60 95.2%) of the compound l^, m.p. 126-128X. This is recrystallized from ether/ethyl acetate to 60 
give 0.05 g (yield 59.5%) of the compound !„ as grayish white crystals, m.p. 128-1 29**C. 




27 



GB 2 169 893 A 27 



AnaL Gated. {%) for C,6Hua204S, 

C 47.41, H 3.48. CI 17.50, S 15.82, 
C 47.52, H 3.66, Q 17.46, S 15.61. 
1726, 1738, 1638, 1620, 1605 cm '. 

2.08 (3H, s), 2.95-3.72 (2H, m), 4.32 (2H, d), 4.98-5.43 (1H, m), 
7.00 (1H, s), 7.28 (1H). 



Found (%) 
IR vmax (Nujol) 
NMR ^pm (COCy 



10 



^^^|6!7^1chloro-5H3,34jte 



tone 



c^o 




qfo f<H 1^9 5^ 

«51 ^51 



30 

With thionyl chloride is treated 0.70 g (2.5 mmol) of 5-acetyl-6,7-dichloro-2,3-dihydr<>-1- 
benzofuran-2-carboxYiic acid (W. F. Hoffman et. af J. Med. Chem,, 24, 865-873 (1981)) to give 
the corresponding acid chloride, the solution of which dissolved in ether is treated with 1.1 g 

35 (5.1 mmol) of t-butyl malonate in ether in the presence of 0.18 g (4.9 mmol) of sodium hydride. 
The reaction product is, without isolation and purification, allowed to react with 3 ml of 
trifluoroacetic acid at room temperature for an hour, and then the trifluoroacetic acid is removed 
by evaporation. To the residue is added 15 ml of toluene and the mixture is refluxed under 
heating for 2.5 hours. The product is chromatographed on a Lober column (type B) with 

40 benzene/ethyl acetate (10/1) as an eluent to gwe 0.32 g (yield 46.0%) of the compound IX. 

NMR: 2.35 (3H, s), 2.63 (3H, s). 3.27-3.63 (2H, m), 5.12-5.40 (1H, m), 7.37 (IH). 
IR wnax (CHCy: 1715, 1680, 1690. 1605 cm \ 



45 



50 



A mixture of 1.50 g (5.5 mmol) of the compound IX, 5.0 ml of ethylene glycol, and a 
catalytic amount of p-toluenesulfonic acid in benzene is refluxed under heating for 2 hours, 
during which time the water generated is removed as azeotrope. The crude product (1-8" 91 
treated, isolated and purified in the same manner as in Example 1 to give 0.180 g (yield 7.8%) 
of the compound II5, as an oil. 

NMR Sppru (CDCI3): 1.37 (3H. s), [2.47 (s), 2.52 (s), 6H], 3.20-3.33 (2H, m), 4.00 (4H, br), 
4.77-5.05 (IH, m), 6.47 (IH, s), 7.25 (IH). 

The compound (0,180 g. 0.4 mmol) is allowed to react with 2 ml of trifluoroacetic acid at 
55 room temperature for 6 hours to give 0.120 g (yield 74.8%) of the compound t,, m.p 
98-10rC, This Is recrystallized from ether/ethyl acetate to gh/e 0.097 g (yield 59.6%) of 
grayish white crystals, m.p .102-103*0. 



Anal. Gated. (%) for C^Jt^^^ajOSi V^H^O 
60 : C 47.20, H 3.83, CI 18.57, S 16.80, H^O 1.18, 

: C 47.10, H 3.74, CI 18.51, S 16.59, H^O 1.00. 

3420 (br), 1725, 1623, 1598, 1605 cm \ 
: 2.33 (3H, s), 2.53 (6H, s), 3.30-3.60 (2H, m); 5.08-5.37 (IH. m); 
6.43 (IH, s), 7.27 (IH). 
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Found (%) 

IR vmax (Nujol): 

NMR gppm (CDCU 
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Example 52 

(2R, 3S/2S, 3R)-6J-Ou:hloro-5-[3,34)is(methylthio)-2i3ropenoylh3-^ethyl-2,^ 
furan-2-carboxyBc acid 



steps Cgj 




10 



IS 



ceo SOL <yO 



20 



The starting material 2,3-dichforophenol (made by Aldrich Chemical Co.) is allowed to react 
with crotyl bromide in place of aliyi bromide in the same manner as disclosed in W. F. Hoffman 
et al J. Med. Chem. 24 865 (1981) to give the compound X VI in 12.2% yield. m.p. 92-93"C. 

NMR Jppm (CDCy: 1.20-1.43 (6H, m). 2.62 {3H. s). 3.63-n3.77 (1H, m), 4.28 (2H, q), 5.37 
(IH, d, J=9.8H2), 7.23 (1H). ^ - hi. 

In the same manner as in Example 1, 0,8 g (2.5 mmol) of the compound X VI is treated to 
25 give 0.187 g (yield 17.6%) of the compound llsj. 

NMR Jppm (CDCy: 1.17-1.43 (6H. m). 2.52 (6H, s), 3.48-4.45 (3^ m). 5.38 (IN, d, 
J=9.8Hz), 6.48 (IH. s), 7.28 (1H). 

30 In the same manner as in Example 1, 0.187 g (0.4 mmol) of the compound l^ is hydrolyzed 
to give 0.174 g (qu. yield) of the compound l„, m.p. 236-239'^C. This is recrystallired from 
ethyl acetate to gh/e 0.137 g (yield 77.4%) of pate yellow crystals, m.p. 236-239**C. 

Anal. Calcd. (%) for C^H^CIjO^S, 1/4H,0 
35 : C 45.29, H 3.67, CI 17.83, S 16.12, HjO 1.13, 

Found (%) : C 45.51, H 3.68, CI 17,75, S 15.88, H,0 1.00. 



10 



15 



20 



25 



30 



35 



Example 53 

40 (2R, 3R/2S. 3S)-6,743lch!oro-5-I3,34)is(methyIthio)-2-propenoyl]-3-methyI-2,3HJihydro-1-^^ 40 
fiiran-2-carboxylic acid 



ce o 



50 



ce O SCO. 




S3 



45 



50 



55 



'S3 



In the same manner as in Example 52. 0.80 g C5 mmol) of the compound X Vl,, 



NMR Jppm (CDCy: 1.20-1.56 (6H. m). 2.63 (3H, s). 3.35-4.00 (1H. m). 4.30 (2H. q). 4.90 
60 (IH, d. J-6.4HZ). 7.33 |1H». 

which is obtained in Example 52 as the trans isomer (yield 12.5%) of the compound X Via {as 
iom). is treated to give 0.085 g (yield 8.0%) of the compound llgj. 



55 



60 



# 
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NWIR Spam (CDOJ: 1.17-1.53 (6H. m). 2.45 (3H. s). 2.56 (3H. s). 3.37-4.00 (1H. m). 4.25 
(2H. q). 4.80 (IH. d, J=6.4Hz). 6.42 (1H. s). 7.17 (1H). 

In the same manner as in Example 52, 0.085 g (0.2 mmol) of the compound X VIo is 
5 hydrolyzed to give 0.079 g (qu. yield) of the compound U m.p. 122-124»C. This te recrystal- 5 
lized from ether to give 0.050 g (yield 63.3%) of pale yellow crystals, m.p. 124-125 C. 

Anal. Gated. (%) for C«H„CLj04S2 

: C 45.80. H 3.59. CI 18.03, S 16.31, 
10 Found (%) : C 45.64, H 3.70. a 18.13. S 16.21. 1° 

^75mchloro-5^3.3-«s(niethyhhio)-2-i>ropenoyl]ben2o[blthiophene-2Harbo acid 

15 ooyxa^ oh S?¥»% 



- ' - 0*°^ 20 

20 xm Tonu xk 



OH T H>L 

30 SiP^^^"'"^'^^^ 
xxn urn 3IV 



ocsn(2 



25 



25 



35 sa^cojqft J^o^ QjJXkJa^ 



s 



40 



xar 11154 ^154 




35 



40 



50 To 6 30 9 (30.7 mmol) of 2,3-dichloro-4-hydroxybenzophenone [Sprague, James, M. (Merck) 50 
US 345 3121 are added 8.5 g (61.5 mmol) of anhydrous powderiy potassium carbonate and 
63 ml of acetonitrile, and then 3.7 g (46.0 mmol) of chloromethyl methyl ether is added at room 
temperature while being stin-ed. and the resuKIng mixture is allowed to react for 3 hours. The 
unpurified reaction product is dissolved in 300 ml of benzene, and 5 ml of ethylene glycol and 

55 catalytic amount of p-toluenesulfonic add are added, and the mixture is refluxed for co"j«';"i>'Js 
dehydration for 8 hours while being stirred to give 5.90 g of the compound X Vlll, yield 77.1%, 
mp. 150-152-C. 

NMR (CDCy Jppm: 1.78(3H,s). 3.57-3.90(4H, m). 5.83(1H, brs disappeared by addition of D^O). 
60 6.85-7.43(2H, d-d). 

A mixture of 5.90 g (23.7 mmol) of the compound X Vlll. 6.55 g (47.4 mmol) of anhydrous 
powderty potassium carbonate. 2.10 g (26.1 mmol) of chloromethyl methyl ether and 60 ml of 
acetonttril is allowed to react at room temperature for 2 hours while being stirred to give 6.60 g 
65 of the compound X IX. quantitative yield. 
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NMR (CDCy *ppm: 1.78(3H^), 3.50(3H,m), 3.50-4. 10a(4H,m), 5.25(2H,s), 7.02-7.50(2H,d-d). 

In the same manner as disclosed in the Ifteaire [Holder, Christensen, Synth. Comm. 5(1), 
5 65-78] is treated 6.60 g of the compound X IX to give 3.72 g of the compound X X, yield 
67.5%. To a solution of 1.30 g (5.6 mmol) of the compound X X in 6.5 ml of N,N-dim6thyffor- 
mamide Is added a suspension of 0.277 g (6.1 mmoQ of 65 % sodium hydride in 3 ml of DMF 
over a 1/6 hour period, and then added 1.0 g (8.1 mmol) of dimethylthiocarbamoyi chloride 
(Made by Aldrich), and the resultant mixture is allowed to react at room temperature for 1/2 
10 hours and then on an oil bath at eO-GS^'C for 2 hours. 

The reaction product is treated with methanol to ghre 0.922 g of the compound XXL yield 
51.6 %, mp. Ul-mx. ^ 



15 



NIVIR (CDOa) Sppm: 2.63(3H,s), 3.38(6H,m), 7.65(1H,m), 9.92(lH,s). 



25 



NMR (CDCU Jppm: 1.20{6H,t). 2.62(3H,s). 3.12(6H,brs), 3.58(4H.qu), 5-77(1H,s). 7.73 (1H,s). 



10 



15 



To a solution of 1.70 g (5.3 mmol) of the compound X X I in 12 ml of dry ethanol are added 
0.051 g (1 mmoO of aluminium chloride and 1.4 ml (8.5 mmol) of orthoethyl formate, and the 
mixture is refluxed for 2 houns while being stirred to give 2.10 g of the reaction product (yield 
qu). To this, without purification, is added 18 ml diphenyl ether and the mixture is allowed to 
20 react in nitrogen atmosphere on an oil bath at 225-230X for 0.5 hour. Diphenyl ether is 20 
removed by evaporation under reduced pressure and the residue is chromatographed on 40 g of 
alumina to give 1.65 g of the compound X X III (yield 79.0 %) 



25 



To a solution of 1.65 g (4.2 mmol) of the compound X X III in 33 ml of methanol is added 
3.7 ml (9.3 mmol) of 10% sodium hydroxide in nitrogen atmosphere while being stirred. The 
mixture is refluxed under heating for 2.5 hours. The reaction mixture is evaporated to dryness. 
To a solution of the residue dissolved in 10 ml of acetonitril is added 0.55 ml (5.0 mmol) of 
30 ethyl bromoacetate in nitorgen atmosphere while being stirred, and the mixture is allowed to 30 
react at room temperature for 3 hours. The reaction mixture is chromatographed on a Lober 
column fType B) with a benzene/ethyl acetate (10/1) to give 1.20 g of the compound X X IV 
yield 69.9%. 

35 NMR (CDGJ *pm: 1.62-.1.35(9H, m). 2.62(3H,s), 3.48-4.25 (8H.m), 5.98(1H.s), 7.67(1H.s). 35 

To 120 g (2,9 mmol) of the compound X X iV is added 3.6 ml of triffluoroacetice acid and the 
mixture is allowed to react for 1 hour in nitorgen atmosphere while being stinred. The reaction 
product is chromatographed on a Lober column (Type B) with benzene/ethyl acetate (10/1) as 
40 an eluent to give 0.650 g of the compound XXV, yield 66.0%. 40 

NMR (COaj -5ppm: 1.17(3H,t), 2.63(3H.s), 3.70(2H,s), 4.08(2H,q), 7.72(1H,s), 10.75 (1H,s). 

To 0.28 g (0.8 mmol) of tfie compound X X V is added 0.3 ml of IN-soudim hydroxide at 
45 room temperature in nitorgen atmoshpere and the mixture is allowed to react for 1 hour (or in 45 
1.4 ml of pyridine and 0.4 ml of pyperidine at 100-105»C for 1 hour.). The reaction product 
(0.27 g) is chromatographed on a Lober column (Type B) to give 0.150 g of the compound lll«, 
yield 56.6%. 

50 NMR (CDCy Sppm: 1.42{3H,t), 2.67{3H,s). 4.08(2H,q), 7.87(1H,s), 8.02(1H,s). 50 

The compound III84 (0.15 g, 0.5 mmol) Is allowed to react in the same manner as in Example 
1 to give 0.075 g of the compound yield 37.7%. 

55 NMR (CDQJ Jppm: 1.40(3H,t), 2.48{3H,s), 2.53(3H,s), 4.38(2H,q), 7.80(1H,s), 7.93{lH,s). 55 

In the same manner as mentioned in Example 5 is hydrolyzed 0.075 g (0.2 mmol) of the 
compound lis* to give 0.066 g of the compound Ig^, quantitative yield, mp. 223-225''C (dec ) 
^r. is recrystallized from ethyl acetate to give 0.038 g of grayish white crystals, yield 57.8%, 
60 mp. 225-227*C (dec). gQ 

Anal. Calcd. (%) for C„H,oCla03S3t/4HjO 

: C 42.26, H 2.66, CI 17.82, S 24.18, H^O 1.13, 
Found (%) : C 42.02. H 2.79, CI 17.72, S 24,02, H^O 1.00. 
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^!74l<£oii«43^is{methylthio)-2-propeTO 



5 



10 



15 




20 



25 



The mixture of 0.260 g (0.8 mmol) of the compound IIU 1 ml of ethylene glycol, a catalytic 
amount of p-tduenesulfonic acid and 10 ml of benzene is refluxed for 48 hours while being 20 
stirred, during which time the water produced is removed continuously. The reaction mixture is 
cooled poured Into a mixture of ammonia water and ice and extracted with benzene. The 
organic layer is washed tiwce with water, dried over anhydrous magnesium sulfate and *e 
benzene is removed to give 0.280 g of the compound III54 a. yield 88.0%, mp. 114-116 C. 

2d 



40 



NMR Jppm (CDCI3): 1.28(3H, t). 2.52(3H. s). 2.55(3H. s). 3.50-3.85(2H. m), 4.20(2H. q). 
4.37-4.60(1H. m), 6.60|1H, s), 7.63 (IH). 



10 



15 



NlVn ^ppm (CDCy: 1.42 (3H. t). 1.83(3H,s). 3.53-4.38 (6H,m). 7.92(1H,s). 8.0(1H,s). 

To 0.280 g (0.8 mmoQ of the compound 111^ a are added 5 ml of dioxana and 5 ml of 1N- 
sodium hydroxide, and the mixture is allowed to react for 3 houre at room temperature and then 
30 evaporated. To a solution of the residue dissolved in 10 ml of water is added sodium amalgam 30 
(perpared from 33 mg of sodium and 1.3 mg of mercury) in small portions over a 30 mmuta 
period and the mixture is allowed to react for further 6 hours. The precipitate is removed and 
resulting alkaline solution is acidfied (pH 3-4) with 10% hydrochloric acid. This solution » 
extracted three times with ether. The organic layer is washed with water, dned over anhydrous 
35 magnesium sulfate and evaporated to give residue, to which are added 10 ml of ethanol and a 35 
catalytic amount of cone, sulfuric acid. The mixture is refluxed for 4 hours while being stin^ed. 
The reaction product (0.20 g) without purification is allowed to react in the same manner as in 
Example 1 and chromatographed on a Lobar column (Type A) with ethyl acetate/benzene (1.15) 
as an ehient to give 0.04 g IL a. "fieM 12.2%. 



The compound ll„ * (0.04 g. 0.1 mmol) is hydrolyzed with an alkali to give the compound 
45 l„ » in quantitative yield, mp, 170-173'C. This is recrystallized from ether to give 0.02 g of 45 
yeOow crystals, mp. 173-174''C. yield 53.5%. 

Anal. Gated. (%) For C„H„CljOA 

: C 42.53. H 3.06. Q 17.94. S 24.33. 
50 Found (%) : C 42.41. H 3.01. Q 18.15. S 24.51. 



50 



£x9/7iD/e 54'8 

6.743ichloro-5-[2-methyl-3,3-bis(methytthio)propenoylh2,3KJihydro4)^ 
55 tic acid 



55 




IS4-B 



A strating material, 2,3-<fichloro-4-tiydrox/-proptophenone. is allowed to react In the same 
20 manner as in Example 54 to yield the compound Ills4^ which is allowed to react in the same 20 
manner in as Example 54-A to yield Is4^. The yield and physical constants of intermediates are 
listed as follows. 
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3.S2(3H.i) 3.62^4.1 8 (4M.in) 
5.25 C2H. I) 6.95^7.55 C2H.d-d) 



10 

1.20(3H.O 
2.93(2H.q) 7.63(lH) 

9.90(lH.t) ll,73(lH.br) ^5 
1J<^:»'^^'3 3480.3250{br) 
1695(sh} 1660.1603 




^"^=p^'3 L22(3H,i) 
2.9S(2H.q) 3.45(6U.t) 
7.78C1H.I) 9.95(lH.i) 



30 



20 



25 



I 30 



35 



40 



SCH^W^C^ NMR:CDC/3 1,0 5-1.35 (12H.m) 
^'J^YC»(0£t)2 2.90(2H.q) 3.47-3.8 2 ( 4H .m) 
4.05 (2H,q) 5.95 (iH.i) 
7.5311H..) 

4 6.2» 

SCa^CO^C^ NM1L:^^'3 I.23, X.42(6H. 
^'J[m"™^ »X2) Z96C2H.q) 4.D8C2H.q) 

'''o^C«2«3 "^^^''••^ 7.5B(lH.O 
XXV-B 10.67 ClH.t) 

7 9,496 

50 

Compound IIW yield 0.680 g (yield 96.4%). mp. 98-99T. 
NMR iJppm (CDOJ: 1.12-1 :55(6H,m), 2.97(2H.q). 4.42(2H.q). 7.75(1H,s), 7.98 (IH.s). 
55 Compound II54-B* (V'^ld 7.4%) 

NMR Jppm (CDCIa: 1.2B(3H.t), 2.08{3H.s). 2.15(3H,s), 2.35(3H.s), 3.40-3. 93(2H,m), 
4.00-4.63{3H,m), 7.57(1H). 

60 Compound W tyiekJ 91.2%), mp. 131-132*C. 

Anal. Calcd. (%) for C^HwClaOaSa 

: C 44.01, H 3.45, CI 17.41, S 23.50. 
Found (%): C 44.05, H 3.24, CI 17.35, S 23.41. 



45 



50 



55 





34 



GB2169893A 34 



Example 55 

Preparation of 6 J-dichloro-6H3-ethylamino-3-niethyltM 
carboxylic acid [3] 



5 Ci 



NaH 



Ci O S V 



Na®. 



10 



15 



[23 



10 



15 



H 



20 



30 



35 



25 [Step-1] 

A solution of 1.65 g (5 mmol) of tert-butyl 6,7-dichloro-5-acetyl-2,3-dihydro-benzofuran-2- 
carboxylate [1] in 4 ml of dry dimethylformamide is added to a mixture df 0.20 g (5 mmol) of 
60% oily sodium hydride. 0.53 g (6 mmol) of ethyl isothiocyanate and 1 ml of DMF In nitrogen 
atmosphere at 5-10"C while being stirred, and the resultant mixture is kept at the same 
temperature of 2.5 hours. To the reaction mixture is added 0.85 g (6 mmol) of methyl iodide 
and the mixture is allowed to react for 2.5 hours. After addition of an ammonium chloride 
solution, the mixture Is extracted with ether. The organic layer is washed with a saturated 
aqueous solution of sodium chloride, dried over anhydrous magnesium sulfate, and then evapo- 
fBted under reduced pressuer. The residue is isolated and purified by medium pressure column 
chromatography on silica gel to give 1.6 g of the compound [2] as an oil, yield 76.5%. 

IR: vmax (CHCy 1750 (CO-O), 1609(sh)-1565(br) (aminopropenoyl portion) cm 

NMR ^pm (CDCIJ: 10.4(1H,br), 7.12{1H,s), 5.26(1H,s). 5.18{1H,d-d), 3.80-3.32(4H,m), 

2.39(3H,s) 1.49, 1.32(12H,s+t). 

40 

[Step-2] 

To 1.3 g of the compound [2] perpared in Step-1 is added 13 ml of trifluoroacetic acid and 
the mixture Is stirred for 0,5 hour at room temperture. Trifluoroacetic acid is removed under 
reduced pressure to give residue which is crystallized from a small amoum of ether. The 
45 resulting crystals are collected by filtration and washed with a small amount of ether to give 
1.15 g of the titled compound [3]. This is recrystalllzed from acetone to give 0.81 g of 
yellowish white crystals, yield 69.8% (Yield from compound [1J is 53.4%), mp. 247-249*0 
(dec). 

50 Anal. Calcd. (%) for C.sH^sCljNO^S 

: C 47.88 H 4.02, CI 18.85, N 3.72. 
Found (%): C 47.76, H 3.90. CI 19.03. N 3,80, 

IR: vmax (Nujol) 3300-2200(brl 2200-1800(br) 1735, 1610, 1565 cm \ 
55 NMR Jppm PMSO 6-6): 1 1.30(1H,br), 7J29(1H,s). 5.41(1H, d^. 5.21(1H,s). 3.80-3. 20(4H,m), 
2.42(3H,s), 1.23{3H,t). 
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The compound (111) is allowed to react with the compound iX (1.2 equtv. mole) in a solution of 
60% oily sodium hydride (equiv. mole) in DMF or dimethylacetoamide (DMA) and tetrahydrofiiran 
(THF) under nitrogen atmoshere at S-IS^'C, then, the compound (X) is added thereto, and the 

20 mixture is allowed to react at a temperature of 5*C to room temperature. Ammonium chloride is 20 
added to the reaction mixture and the resulting mixture is extracted with ether. The ether residue 
is purified by column chromatography on silica gel to give the compound (II) which is allowed to 
react with 10 equivalent amount of trifluoroacetic acid at room temperature for 0.5-1.0 hour. 
The reaction mixture is evaporated under reduced pressure and the residue is crytallized from 

25 ether to give the aimed compound [I]. The compound [I] is recrystallized from an appropriate 25 
solvent as occasion demands for the porpose of further purification. The respective examples are 
shown in table 5 (Nos. 1-4). 
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TiA>le 5 ( Ho. 1 ) 
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56-^6 



Example 
Nos. 








*8 




Tield 


56 




H 


~*3 


H 


CH3 


A A. tt 
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H 




SOS 
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CH3 


V ^ J, 


oy 


4f 
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6 7 5 


60 
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CH3 


CH3 
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CH3 


6 0.3 
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4 6.7 


-0 
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H 


CH3 




2 9.4 






H 
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H 


Me 


0 

n 

-C-CHg- 


6 0. 5 
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Me 


H 


Me 


2 L 7 
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Me 


H 


Me 


6.2 



^ ^ starting materials were prepared aeeordins to N 
in j the method ot Villiam F* HofXman et aX* | 
I J. Med. Chcm. (198 1) 2± 8 6.5-^8 7 3 J 

OMe 

60 -I) RgX=BrCH^<^^ -a^ RgX^BrCHgCHgBr -») RgX^BrCH^CO^Et 
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Example 67 



Preparation of 67-<fichIoro-54[N-metliyl(thiocarban^^ 



The compound [1] (0.993- g, 3 mmol) is allowed to react with methyl Isothiocyanate [4] in the 
25 same manner as in Example 56. To the resulting solution of the sodium salt [5] is added a 
saturated ammonium chloride solution and the mixture is extracted with ether. The organic layer 
is washed with a saturated solution of sodium chloride, dried over anhydrous magnesium salfate. 
and evaporated. The residue is chromatographed on silica gel to give 0.65 g of the compound 
[5] as a resinous product. (By IR and NMR spectra, the compound [5] is comfirmed as a mixture 
30 of keto-form and enol-fonn) 

IR: vmax (CHCy 3400(NH), 333O0>r: hydrogen bond -OH), 1750{COO), 1683(CO-N-), 1620, 
1610 cm \ 

NMR ^pm (CDCIJ: (Keto+enol mixture) 14.45(0.5H, brs), 8.9(0.5H, br), 5.60(0.5 H, s), 
35 4.39(1H,s), 3.8-3. 1{5H,m), 1.49(9H,s). 

A mixture of 0.65 g (1.61 mmol) of the compound [5] with 6.5 ml trrfluoroacetic acid is 
stirred for 0.5 hour at room temperature. The reaction mixture is treated in the same manner as 
in Example 56 and the product is recrystallized from benzene to give 0.34 g of the titled 
40 compound [6], yield 60.7 %, mp. 121-124**C. 

Anal. Calcd. (%) for C,3Hi2Cl2N04S 

: C 44.84 H 3.18, CI 20.36, N 4.02, S 9.21,. 
Found {%): C 44.92, H 3.29, CI 20.14, N 4.10, S 8.96. 
45 IR: »'max(Nujol) 3240, 3400-2400(br), 1725, 1615, 1535cm 

NMR ^ppm (DMSO d-6) [a mixture of the keto-form and enol(thiol)-fonm (1/2)]: 14.3(2/3H,br), 
10.2-9.83{1H,bi1, 7.4-7.66(1H), 5.82(2/3H,s), 4.30(2/3H,s), 4.0-3. 20(2H.m), 3.0(3H,d}. 

Example 68 

50 Preparation of 6,7-dichIoro-5-(3-methylamino-3-propargyhhio-2-propenoyl)-2,3-dihydrobenzofu- 
ran-2-carboxylic acid [8] 
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BrC3l2-CBOM 



tBuOjC 




>S-CH^-CsCH 

10 -.s„o_c^' ' O H 10 



HO«C- 



.J 1 CBJ 

15 ""2*- 15 



A mixture of 0.3 g (0.74 mmol) of the compound [5] prepared in Example 67, 0.097 g (0.82 
mmol) of propargyl bromide. 150 mg of dry potassium carbonate powder and 6 ml of dry 
acetonltrile is stirred at room temperature for 2 hours. The reaction mixture is concentrated 
20 under reduced perssure, and the residue is extracted with ether. The organic layer is washed 20 
with water, dried over anhydrous magnesium sulfate and evaporated. The residue is purified by 
column chromatography on silica gel to give 0.30 g of the titled compound tert-butyi ester [7] 
as a resinous product, yield 91.6%. 

25 IR: miax(CHCl3) 3320(acetylenic hydrogen), 1748, 1573 cm \ 25 
NMR Jppm (CDCy: 1 1.45(1H.br). 7.20(1H), 5.44{1H.s). 3.64{2H.d). 3.8-3.2(2am), 3.06(3H.d). 
2,32(1H,m). 1.48(9H, s). 

Subsequently. 0.61 g (1.38 mmol) of the compound [7] is allowed to react in the same 
30 manner as in Example 55 Step-2, and worked up and Is recrystallized from etharu)! to give 0.37 30 
g of the titled compound, yield 69.5 %, mp. 180-183°C (dec). 

Anal. Calcd. (%) for CtBH,3CIANS 

: C 49.75 H 3.39, CI 18.36. N 3.63, S 8.30, 
35 Found (%): C 49.50, H 3.58, CI 18.51. N 3.57. S 8.15. 35 
IR: vmax (Nujol) 3260(acetylenic hydrogen), -2500-(brl.-1950{br). 1725. 1572 cm 
NMR Sppm (DMSO d>6): 1 1.16(1H.br). 7.30(1H.sbr), 5.40-5.42(2H.s.d-d), 3.90(2H.d). 
3.70-3,20(3H.m). 2.99(3H,d). 

40 Example 69 40 
Preparation of 6,7-dichk>ro-5-{(3,4-dimethyl-4-thiazolirv2-yliden)acetyn-2,3-Klihydro^nzofuran^2- 
carboxylic acid [10] 

An c/ o®s 



Ct 1 P ,.*l I) BrtM.>-CsCH 




'3 I) KU-tert-Bu 



'CF3CO2H 




55 * ' ^ 55 

In the same manner as in Example 67, a mixture of 0,993 g (3 mmol) of the compound [1], 
0.12 g (3 mmol) of 60% oily sodium hydride and 0.263 g (3.6 mmol) of methyl isothiocyanate 
in DMA-THF (1/3) is allowed to react at 5-10**C for 2 hours. To the resulting sodium salt [5] is 

60 added 0.29 ml (3.6 mmol) of propargyl bromide. The mixture is allowed to react at 10°C to 60 
room temperature for 3 hours, then. 0.07 g (0.6 mmol) of tert-butoxide is added thereto, and 
the resulting mixture is allowed to react at room temperature overnight. Saturated ammoniun 
chloride solution is added and the mixture is extracted with ether. The ether extract is purified 
by column chromatography on silica gel and crystallized from a small amount of ether to gh/e 

65 0.50 g of the compound [9], yield 37.7%, mp. 152--153"C, 65 




42 
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10 



15 



IR; vmax {CHCy 1750, 1604, 1563, 1482 cm-^ 

NMR ^ppm (CDCy: 7.33(1 H,s^ike), 6.18(1H,s-like), 6.04(1 H,sK 5,20(1 H,d-d), 
3.8-3.20+3.4e(s)(6H), 2-26PH^), 1.49(3H.s). 

In the same manner as In Example 55 (Step-2), 0.8 g of the compound [9] is allowed to react 
and worked up, and the product is recrystallized from DMF-ethanol to gWe 0.6 g of the titled 
compound, yield 85.9%, mp. 277-279"C (dec). 

Anal. Calcd. (%) for C^H^aANS 

: C 49.75, H 3.39, CI 18.36, N 3.63, S 8.30. 
Found (%): C 49.51, H 3.61, CI 18.09, N 3.78. S 8.04. 
IR: vmax (Nujol) 3120, -2480-{br), 1740(br), 1663, 1513cm \ 
NMR Jppm (DMSO. d-6): 6.00(1H,s), 5.44(1H,d-d), 3.85-3.3(5H, m+s), 2.26(3H,s). 

Example 70 . . , ^ ^. 

Preparation of 6,7Kfichk)ro-5^(4-thiazolln-2-ylklene)acetyl^2,3-dlhyd^^ 

acid [25] 
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A solution of 1.99 g (6 mmol) of the compound [1] in 6 ml of dry tetrahydrofuran (hereinafter 

45 abbreviated to as THF) Is added to a solution of hexamethyl disilazane lithiumamine prepared 
from 1.3 ml (6.3 mmol) of hexamethyl disilazane and 4.2 ml (6.3 mmol) of a hexane solution of 
n-butyl lithium (1.5 N) at -78X. The mixture is allowed to react at -70 to -78X for 0.5 hour 
and a solution of 1.0 g (6.6 mmol) of 2-chloro-1-methoxy ethyl isothiocyanate [22]* In 2 ml of 
THF is added thereto. The temperature of the reaction mixture is raised slowly and kept at 

50 5-7'*C for 3 hours, further at 10-1 5X for 2 hours, and then, an ammonium chloride solution is 
added thereto. The resulting mixture is extracted with ether and tiie organic layer is a washed 
with a saturated sodium chloride solution, dried over anhydrous magnesium sulfate and evapo- 
rated at below 0"C under reduced pressure. The residue is chromatographed on silica gel to give 
a mixture of the compound [23] and the strating material. The mixture Is dissolved in 10 parts 

55 by volume of dichloromethane and 50 mg of anhydrous p-toluenesulfonic acid (hereinafter abbre- 
viated to as p-TsOH) is added thereto. The mixture is heated under refluxing for 10 minutes, 
then, after cooling, washed with sodium dicarbonate, dried over anhydrous magnesium sulfate 
and evaporated under reduced pressure. The residue is purified by chromatography on silica gel 
to give 0.85 g (42%) of the starting material and 0.78 g of the objected compound [24], yield 

60 31.3%. 



45 



50 



55 



60 



IR: vmax (CHCy 1 750-1 700(bf), 1630, 1607 cm ' ' 

NMR Jppm (CDCI3): 7.72(d), 7.66(d), 7.4-7.23(m), 7.07(d), (total 3H) 6.19(s), 4.68(s) 5.2(1H,m) 
3,8-3.2(2H,m) 1.50(9H, s) [NMR spectra Indicated tiiat the product was a mixture of thiazofin- 
65 form and thiazol-form in a solution.] 



# 
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In the same manner as in Example 55 Sept-2, 0.75 g of the compound [24] is allowed to 
react and treated to give 0.60 g of the titled compound. Crystallized from acetone, and subse- 
quent recrystallization from ethanol gave 0.3 g of the crystals, yield 46.3%, (yield from [1] 
14.5%), mp. 214"216'C. 

5 5 
Anal. Calcd. (%) for C,4H,9Cl2N04S 

: C 46.94 H 2.53, CI 19.80, N 3.91, S 8.95. 
Found (%): C 46.85, H 2.70, CI 19.95, N 3.96, S 8.87. 
IR: vmax (Nujol) 2800-2000, 2000-1800, 1715, 1683 cm-\ 
10 NMR Jppm (DMSO d-6): 7.8^7.1(3H,m) 6.13{s,0.75H) 5.45(1H, m), 4.75(0.5H,br), 10 
3.85-3.2(2H,m). [a mixture of 75% thiazofin-form and 25% thiazol-form] 

* The compound [22] can be synthesized as follows. 

A mixture of 4 g (32 mmol) of chlorodlmethylacetal and 4.4 g (16.8 mmol) of silicon 
15 tetraisothiocyanate [Si(NCS)4] is allowed to react at 80~85X for 6 hours. The reaction mixture is 15 
poured into ice and extracted with ether. The ether layer is washed with a sodium dicabonate 
solution, dried over anhydrous magnesium sulfate, and evaporated under reduced pressure. The 
residue is distilled to give 4.34 g of the compound [22], yield 90.5%, bp. 92-93*C (28 mmHg) 

20 IR: vmax (CQJ 2000(br) cm ' (N=C=S) cm 20 

Example 71 

Preparation of 67-drchloro-5-[2-(4-thiazolin-2-ylidene)-2-(carbethoxy)acetyl}-2,3-dihydr^ 
ran-2-carboxylic acid [30] 

25 ^ ^ NaH 




30 
TsOH 



cHg-Ci 35 



OH© 

^ 



40 



45 



A solution of 1.0 g (2.67 mmol) of the compound [26] in 3 ml of a mixture of dimethylace- 
tamide (hereinafter abbreviated to as DMA) and THF (1/3) is added to a solution of 0.107 g 

50 (2.67 mmoO of 60% oily sodium hydride in 1 ml of DMA-THF (1/3) at 5-7X in nhrogen 50 
atmosphere. The mixture is stirred for 15 minutes, and 0.575 g (2.95 mmol) of the compound 
[27] is added thereto at -30°C. The mixture is kept at 0-10**C for 3 hours, then at 5'*C 
overnight, and then at 20-25''C for 3 hours. The reaction mixture is worked up in the same 
manner as In Example 70 to give 0.86 g of the compound [28], yield 65.6%. Further, this is 

55 treated with p-TsOH in the same manner as in Example 70 to give 0.773 g of the compound 55 
[29], yield 96.3% (yield from tiie compound [26], 63%) 

IR: vmax (CHCy 3280(bs), 1755, 1738. 1645(brt, 1610, 1561, 1540 cm \ 
NMR Sppm (CDCIJ: (l5.5{br)+13.3(br)l(1H), 7.4(1H,br), 7.0{2H.br+s), 5,30(1H, d-d), 4.4- 
60 3.2(6H,m), 1.30(3H,t>, 0.86(3H,t). 60 



The compound [29] is hydrolyzed with NaOH to give 0.4 g of the titled compound [30], yield 
58.5%. This is recrystallized from acetone to give crystalls having mp. 212-215'*C. 



44 
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Anal. Calcd. {%) for C^JHrja^S 

: C 47.46 H 3.05. Q 16.48, N 3.25, S 7.45. 
Found (%): C 47.47. H 3.33. CI 16.34, N 3.22. S 7.18. 



5 IR: vmax (Nujol) 3150. 3120, 1727. 1644 cm"'. 

NMR Sppm PWISO d-6): 13.7(1H.br). 7.16(1H.d). 7.28(1H.d), 7.04<1H.s^^lce), 5.40 (1H.d-d), 



3.9-3.15{5H.m), 0.73(3H,D. 
O The strating compound [26] is synthesized ss follows. 



in c< 10 

10 cocf 

■ ■ — ^ 



A<C(3/GI^C<2 



15 O o 



20 



tBuOgC^' C133 

60 c« o a 



20 



A mixture of 2.6 g (10 mmol) of ethyl 6J-dichloro-2,3-dihydro-ben2ofuran-2-carbo)cylate, t.96 
g (13 mmol) of ethylmalony! chloride, 4.8 g (36 mmol) of anhydrous aluminium chloride and 30 
ml of dry dichloromethane Is allowed to react at room temperature overnight and then poured 
25 into water. The resulting mixture is extracted with dichloromethane, and the organic layer is 25 
washed with water, dried over anhydrous magnesium sulfate and evaporated under reduced 
pressure. The residue is chromatographed on silica gel to give 0.75 g of the objected compound 
[26], yield 20% and 0.81 g of the starting material (31%). 

30 IR: vmax (CCIJ 1765, 1743, 1 650-1 628(br), 1610 cm K , , , , .^ 

NMR dppm (CDCI3): 7.40(1H,s-like), 5.45(0.5H,s), 5.3(1H,m), 4.9-3. 25(7H,m), 1.4-1.1 5(1 2H,s.t), 
[a mixture of keto-enol forms (1/1)]. 

Further the reagent [27] can be synthesized from bromodimethylacetal in the same manner as- 
35 the compound [22] mentioned in Example 70, yield 85%, bp. 86-86X (10 mmHg). 35 

IR: vmax (CCHJ 2000 cm ' (brt (N«C=S) cm \ 

AO ^Production of 6,7-dichloro-5-[(4-oxo-perhydro-1,3-thiazin-2-ylidene)acetyl]-2,3-dihydro-benzofu^ 40 
ran-2-carboxylic acid [14] 

Ci O, S HtCH^CH^'^Z^^ 

iBuO^C^-' ^^'^ 
50 "'yV^'" 

50 rj "^S-CHg Benzene 

CR ^ H 55 

55 Ci 1 y CFgCO^H 



60 



65 '""2^ C143 65 
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STEP 1 

A mixture of 0.39 g (ImmoD of t-butyl 6jKiichlorD-5-{(thiocarbamoyl)acetyl]-2,3-cnhydrobenzc>- 
furan-2-carfooxylate, 0.21 g (1.2 mmol) of ethyl bromopropionate, 0.21 g (1.5 mmol) of powdery 
anhydrous potassium carbonate, 0.017 g (0.1 mmol) of potassium iodide, and 3 ml of dry 
5 acetonftrile is allowed to react at room temperature for 5 hours and concentrated in vacuo. The 5 
crude residue is extracted with methylene chloride, and the material soluble in the methylene 
chloride is purified by silica gel chromatography to give the compound [12] as an oily product. 
For the purpose of cyclization, this is dissolved in 10 ml dry benzene containing 0.009 g (0.05 
mmol) of toluenesulfbnic acid (anhydrous) and refluxed azeotroplcally under heating for an hour in 
10 a vessel equipped with a water-separator in which 3A-Molecutar sieves are placed. The reaction 10 
mixture Is washed with an aqueous solution of sodium hydrogencarbonate, concentrated in 
vacuo, and purified by silica gel chromatography to give 0.32 g (yield 72%) of the compound 
[13]. 

IR vmax (CHCy: 1741, 1701, 1583, 1545 cm \ 
15 NMR 5ppm (CDCIJ: 12.55 (IH, br), 7.23 (1H, s), 5.87 (1H, s), 5.22 (1H, d-d), 3.8-2.8 (6H. m), 15 
1.48 (9H, s). 

STEP 2 

A mixture of 0.3 g of the compound [13] and 3 ml of trifluoroacetic add is stirred at room 
20 temperature for 1 hour and then treated in the same manner as in STEP 2 of Example 55 to 20 
give 0.235 g (yield 92.5%) of the tttied compound [14], which is recrystaDtzed from ethanol to 
* give crystals, m,p. 226-228X. 

Anal. Calcd. (%) for CsHnCIANS: C, 46.41; H, 2.86; CI, 18,26; N. 3,61; S, 8.26. Found (%): 
25 C. 46.19; H, 3.02; CI, 18.32; N, 3.52; S, 8.12. 25 
IR wnax (Nujol): 3300-2300 (br), 1747. 1642, 1595. 1561 cm \ 

NMR ^pm (DMS0,d-6): 1.2.45 (br)+11.02 (IH, keto+enol). 7.4+7.26 (IH. s), 0.63+0.6 (IH, 
s), 5.45 (IH, m), 3.8-2.8 (6H, m). 



30 The starting material, t-butyl-^,7-dichloro-5-[(thiocarbamoyl)acetyi]*2,3-dihydro-benzofuran-2-car- 30 
boxylate [11] can be produced in the following manner. 




A solution of 3.03 g (10 mmol) of t-butyl 6,7-dichloro-5-acetyl-2,3-dihydro-ben2ofuran-2-car- 
boxylate [1] in 5 ml of benzene is added under ice-cooling to a solution of sodium tert-amylate 
which is prepared by refluxing 0.48 g (12 mmol). of 60% oily sodium hydride, 1.06 g (12 mmol) 
of tert-amyl alcohol, and 25 ml of dry bertzene, and the mixture is stirred for 0.5 hour. A 

55 solution of 2.24 g (15 mmol) of benzyl tNocyanate in 10 ml of benzene is added thereto under 55 
ice-cooling. The reaction mixture is allowed to react at room temperture ovemtght, to which an 
aqueous solution of ammonium chloride is then added. The benzene layer is separated, washed 
with water, dried over anhydrous magnesium sulfate, and concentrated in vacuo to give a 
residue, which is purified by silica gel chromatography to give 1.08 g (yield 30.3%) of the 

60 compound [15]. This is recrystallized from a small amount of isopropyl ether to give crystals, 60 
m.p. 73-74?C. 



IR vmax (CHCU: 2260 (CN), 1750, 1700, 1605 cm 

NMR Jppm (COaj: 7.46 (IH, s), 5.30 (IH, d-d), 4.17 (2H, s), 3.85-3.24 (2H, m), 1.50 (9H, s). 



# 
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A mixture of 1.21 g (3.39 mmoO of the compound [15] with 1.87 g (7.46 mmoD of 
diphenyldithiosuffonic add (prepared from benzene and phosphorus pentasulfide in the same 
manner as in W. A. Higgins &t aL J. Am. Chem. Soc, 77, 1867 (1955)) and 60 ml of 
isopropanol is allowed to react at 40°C overnight The precipitating crystals are removed by 
5 filtration under ice-cooling and the filrate is concentrated in vacuo to give a residue, which is 5 
purified by silica gel chromatography to give 1.1 g (yield 83.1 %) of resinous objective com- 
pound [11] (the compound Is In a mixture of keto- and enol-fomn in a solution.). 

IR vmax (CHCy: 3560, 3500, 3385. 2540, 1748, 1603 cm-'. 
10 NMR ^pm (CDCy: [enoHbrm: 14.54 (s), 6.70 (bi), 5.76 (s)], [keto-fbmi: 8.45, 7.8 (bs), 4.39 10 
(s)], 7.27 (IK m), 5.76 (IH, m). 3.8-3.2 {2H, m), 1.49 {9H, s). 

Example 73-77 

20 C/ o o „ ro H ^® 



25 ^ c/. JL X 25 

R 



HO2CJ — I CID 



30 A solution of the compounds (IV) and (X I) dissolved in acetonitrile is allowed to react In the 30 
presence of anhydrous potassium carbonate. After filtration, the filtrate is concentrated in vacuo 
to give a residue, which is purified by sllical gel chromatography. In Example 77, the reaction is 
earned out in benzene under refluxing in the presence of a catalytic amount of p-toluenesulfonic 
acid, and the reaction product is washed with sodium hydrogencart)onate, concentrated in vacuo, 

35 and then woriced up in the same manner as above. The obtained compound (II) is allowed to 35 
react with a ten-fold amount of trifluoroacetic acid at room temperature for an hour, the mixture 
is concentrated in vacuo to give a residue, which Is recrystallized from ether to give the* 
objective compound (1). 
This may be purified by recrystatlization, if necessay. 

40 Examples are more specificaily explained in Table 6 (Nos. 1-4). 40 
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Table 6 ( No. 1 ) 
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HOgC 
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Example 78 

6,7'Dichloro-5-[3Hnethylamino-3-(methylthio)-2i3ropenoyl]'2,3Klihydrc^ 
nol 




25 



A mixture of 1.0 g (2.9 mmol) of the compound X II (Example 44) and 0.112 g (3.0 mmol) of 
65% sodium hydride is allowed to react for 2/3 hour in 5 ml of N,N-dimethylfomnamlde while 
being stin'ed under nitrogen atmosphere, then combined with 0.233 g (3.2 mmol) of methyl 
isothiocyanate, and reacted for 2 hours. To the mixture is added 0.5 g (3.5 mmol) of methyl 
30 iodide, and reacted for further 14 hours. The reaction product is treated with n-hexane to give 30 
crude crystals, which are recrystallized from ethyl acetate to give 0.42 g (yield 33.6%) of pale 
yellow crystals, m.p. 176-177*C. 

NMR Jppm (CDCIJ: 1.63 (6H, br). 2.38 (3H, s), 2.95-4.13 (9H, m), 4.65 (1H. br). 4.83-5.40 
35 (1H, m), 7.10 (1H). 11.38 (IH, br). 35 

A mixture of 0.42 g (1.0 mmol) of the compound H,a with 5 mi of trifloroacetic acid is 
allowed to react at room temperature for 0.5 hour. The reaction product is chromatographed on 
a Lober column with an ethyl acetate/dichloromethane mixture (95:5) as eluent to give 0.24 g 
40 (yield 70.8%) of the compound 1^, m.p. 170~173X. This is recrystallized from ethyl acetate to 40 
give 0.185 g (yield 54.6%) of pale yellowish crystals, m.p. 170-173X 

Anal. Calcd. (%) for C^H,fi\J40J^: C. 48.28; H. 4.34; CI, 20.36; N, 4.02; S, 9.21. Found (%): 
C, 48.09; H, 4.34; a, 20.09; N, 4.16; S, 8.92. 
45 IR vmax (Nujol): 3350, 3140, 1602, 1565 cm \ 45 
NMR Jppm (DMSO, d-6): 2.42 (s), 2.73-3.43 (5H, m), 3.50-3.82 (2a m), 4.73-5.17 (2H, m), 
5.22 (1H, s), 7.25 (IH), 11.2 (IH, br). 

Example 79 

50 6,7-Dichloro-5-(3-mercapt-3-(methylamino)-2-propenoyl]-2,3-dihydro-l-benzofuran-2-yl-methanol 50 




55 



60 



65 The same procedure as in Example 78 is applied to this example, using 0.5 g (1.4 mmol) of 65 
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5 



the compound X W (Example 44), 0.056 g (1.5 mmoi) of 65% sodium hydride, 0.116g (1.6 
mmol) of methyf isothiocyanate, and 4 m! of N,N-dimethyffoimamide. Then the reaction produce ' 
is chromatographed on a Lober column (type B) with an ethyl acetate/dichloromethane mixture 
(3:97) as an eluent to give 0.26 g (yield 42.9%) of the compound ll,,. 

NMR ^ppm (CDCy: 1-58 (6H, br), 3.07-4.15 (9H, m), 4.60 (1H, br), (1H, m), 4.35 

(1H. s), 7.15 (1H). 



The product wMch is prepared by treating 0.25 g (0.6 mmol) of the compound II79 in the 
10 same manner as in Example 79 is crystallized from ether to give the compound Its, m.p. 10 
121-125X. This is recrystaHized firom ether to gh/e 0.022 g (yield 2.9%) of pale yellowish 
crystals, m.p. 126-127'*C. 

Anal. Calcd. (%) for C^HtaC^NOaS l/SCC^HJ^O: C, 47.96; H. 4.59; CI, 19.75; N, 3.90; S, 8.93. 
15 Found (%): C, 48.17; K 4.37; a 19.66; N. 3.85; S. 8.64. 15 
IR vmax {Nujol): 3590, 3245, 3360, 1616, 1606 cm ' 

NMR Jppm (Me^CO. d-6): 1.13 (t), 2.08 (1H, br), 2.67-3.50 (5H, m), 3.63-4.20 (2H, m), 
4.70-5.30 (1H, m), 5.77 (1H, s|, 7.22 (1H). 

20 Example 80 20 
Production of 6,7-dichloro-5-{3-{methyfthio)-3-propargylamino-2-propenoyll-2,3-dihydro-benzofu- 
ran-2-carboxylic acid and 6,7-didiloro-5^(5-methylene-tWazolidin-2-ylidene)acetyl-2,3-<iihydro^ 
zofuran-2-cart>oxylic acid [21] 

25 Ci a-^xg H^N-^-feCH 25 




CU3CN 



30 "^"^"^"^ T 30 



35 



40 



Ci o „ CISD 




40 



50 ,.ri 50 

cm- 

55 " 55 

A solution of 0.93 g (1.86 mmol) of ethyl 6,7-dichloro-5-[3-(4-methoxyben2ylthio)-3-mercapto- 
2-propenoyll-2,3-dihydroben2ofuran-2-carboxylate [16] (see. Example 35) and 0.113 g (2,05 
mmol) of propargylamine dissolved in 2.3 ml of dry acetonitrile Is allowed to react at room 

60 temperature overnight. The compound [18] precipitated as crystals are collected by filtration and 60 
washed with a small amount of ether to give 0.195 g of the compound [18], m.p. 135-136T. 
The filtrate and the ether layer are combined and concentrated in vacuo to give a residue, to 
which 0.35 g of powdery anhydrous potassium carbonate, 0.317 g of methyl iodide, and 5 ml 
of dry acetonitrile are added, and the mixture is reacted at room temperature for 2 hours. The 

65 reaction mixture is concentrated in vacuo, and the residue extracted with dichloromethane, and 65 



# 
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purified by silica gel chromatography to give 0.105 g (total yield 0.3 g: 40.3%) of the com- 
pound [18] and 0.08 g (yield 10.7%) of the compound [19], m.p. 151-154T. 

IR vmax (CHCIJ: 3310 (-CCH), 1753, 1735, 1608, 1550 (brj cm ^ 
5 Htm dppm (CDCy: 11.50 (1H, br), 7.22 {1H, s-lilce), 5.34, 5.30 (2H, s. d-d), 4.27, 4.18 (4H, 5 
q+m), 3,8-3.25 (2H, m), 2.42, 2.35 (4H, s+m), 1.30 (3H, t). 

A solution of 0.15 g of the compound [19] dissolved in 3 ml of a dichloroethane/ethanol (1:1) 
mixture is treated with 0,56 ml of IN-sodlum hydroxide for an hour for hydrolysis. The reac- 
10 tionm mixture is concentrated in vacuo, neutralized with IN-hydrochloric acid to precipitate 10 
crystals, which are collected by fHtration and washed with a small amount of ethanol to give 
0.08 g of the titled compound [20]. This Is recrystallized from ethanol to give 0.07 g (yield 
45.6%: 4.9% from [16]) of crystals, m.p. 202-204»C (dec). 

15 Anal. Calcd. (%) for C^Jti^^ajt^O^S I/2C2H5OH: C, 48,93; H, 3.87; CI, 16.99; N, 3.36; S, 7.68, 15 
Found {%): C, 49.15; H, 4.06; CI, 16.76; N, 3.41; S, 7.66. 
IR vmax (CHCy: 3300, 3260, 1744, 1610(br), 1550(br) cm \ 

NMR Jppm PMSO, d-6): 1 1.27 (1H, t-br), 7.30 (1H, s), 5.5-5.27 (2H, s+d<l). 4.20 (2H, d-d), 
3.8-3.2 (2H, m), 2.48-2.40 (4H, m+s). 
20 20 
On the other hand, the compound [18] is recrystallized from benzene to give crystals. m.p. 
135-136*»C. 

Anal. Calcd. (%) for C,,H«Cl2N04S: C, 51.01; H, 3.78; CI, 17.71; N, 3.50; S, 8.01. Found (%): 
25 C, 50.81; H. 3.73; CI, 17.93: N, 3.48; S, 8.29. 25 
IR itnax (Nujdl): 3200 (br), 1755, 1735, 1591, 1523 cm 

NMR Jppm (CDCI3): 10.40 (IH, br), 7.20 (1H. s). 5.50 (1H, s), 5.4-5.2 (3H. m), 4.64 (2H. t- 
tike), 4.26 (2H, q), 3.8-3.2 (2H, m), 1.29 (3H, t). 

30 In the same manner as on the compound [19], 0.2 g of the compound [18] Is hydrolyzed to 30 
give 0.137 g of the titled compound [21], m.p 141-143**C. This is recrystallized from etha- 
nol/water to give 0.095 g (yield 48.7%; 19.6% from [16]) of crystals, m.p. 145-147'C. 

Anal. Calcd. {%) for C^H.^CI^NO^S H,0: C, 46.16; H, 3,35; CI, 18.17; N, 3.59; S, 8.21. Found 
35 (%): C, 46.36; H, 3.48; CI, 18.38; N, 3.78; S, 8.27. 35 
IR vmax (Nujol): 3570, 3200, 3000-1800 (br), 1715, 1590cm ' 

NMR Jppm (DMSO d-6) as a mixture of keto and enol forms: 8.75 (br), 7.23 (IH, br), 5.76 (s), 
5.5-5.25 (3H, m), 4.63 (m), 4.37 (2H, m), 3.85-3.2 (2H, m). 

40 Example 81-82 40 
45 MJ) /=\ ^ 45 




65 ^AJ^O.^^<H 




55 



60 



65 



54 



GB2169893A 54 



The compound [16] are reacted with an amine pC II) at room temperature in acetonitrile. The 
reaction mixture is concentrated in vacuo, chromatographed on silica gel to give the compound 
0V), to which 1.5 eq. of powdery potassium carbonate and 1.2 eq. of RgX (X) are added« and 
the mixture is kept at room temperature in acetonitrile, then concentrated in vacuo to give a 
5 residue, which is purified by silica get chromatography to gh/e the compound OQ* The compound 5 
(II) is hydrolyzed with sodium hydroxide and then neutralized with a dilute hydrochlon'c acid to 
precipitate the objective compound (i) as crystals, which is collected by filtration and purified by 
recrystallization. 

Some examples carried out in the manner as mentioned above are shown in Table 7 (Nos. 
10 1^). 10 
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Table 7 ( 2Co. 1 ) 



10 



15 



20 



Ct O 
Ci 1 » 
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CID81--82 
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Yield (51) from 
[16] 


81 




CH3 


1 S. 1 


82 




CHg 


2 7.3 



Tablfe 7 (Ho. 2 ) 





Exa 


Amount Used 


^ ( mmol ) 


Reaction 


Tield («) 


Reacxlon 


Yield 




2Cos 


16 - 




Temp* Tine 




Temp. Time 


(1) 


25 


81 


0.51(1.024) 


0.07 (1.54) 


r-t. 18 


39.0 CHg J 


rt 2 


-100 


30 


82 


0.705(1.41) 


< 0.12 (1.7) 


13-25^ 
20 


58.7 CK3J 


rt 2 


95.6 



Table7 ( Xo. 3 ) 



Ex. 
No. 




ci:i 

m-p. (Ci 


Re- 
crystal 
from 


Medecular 
formula 


Anal . - Calcd ./Pound 
C . H Ci N S 


81 


4 6.5 


230- 
232WI 


erhanol 




47.88 4.02 18.85 3.72 8.52 
47.64 4.&2 18.81 3.6S 8.21 


82 


4 8.7 


213- 
216 


etiianol 




50.76 4.26 17-63 3.48 7.97 
50.71 4.28 17,75 3.49 7.74 



Table 7 ( Ho. 4 ) 



Exa. 
Nos . 




NMR(^°J^°d-6) 


81 


-'2500-(br) -1900(br) 
1730(br). 1610.1560 


7.22(lH,3) 5.40(lH.d-d) S.14(lH.s) 
3.8-3.1(8H,in+s) 2.40(3H.5) 


82 


3200-2100,2000-1800 
1739.1610,1575.1564 


11.35(lH.br) 7.30{lH.s) 5.8 -5.22 (4H.m) 
3.9-3.2(4H.m) 2.40(3H.8) 1.67(3H.O 
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Example 83 

6J-OichlorQ-5^3-cydopropylamIno^-(methylthloK2i)ro^ 
boxylic acid 

5 5 





— .XX. 



15 



.0 'WrB<] 

25 iqj » 25 



30 To 0.39 g (0.8 mmol) of the compound V (Example 35) are added 0.134 g (2.3 mmol) of 30 
cyclopropylamine and 2 ml of acetonitrile, and the mixture Is allowed to react for 5 hours while 
being stirred at room temperature. The reaction product is applied to high performance liquid 
chromatograph on Lober column (type B) with a benzene/ethyl acetate mixture (10:1) as an 
eluent to gh/e 0.23 g (yield 73.0%) of the compound VIII as a pale yellow oil. 

35 35 
IR imax (CHCI3): 3430, 3330. 1750, 1770 (sh), 1610 cm K 

A mixture of 0.26 g (0.6 mmol) of the compound VIII, 0.179 g (1.3 mmol) of dry powdery 
potassium carbonate, 0,14 g (1.0 mmol) of methyl iodide, and 4 ml of acetonitrile is reacted for 
40 an hour while being stirred at room temperature. The reaction product is subjected to liquid 40 
chromatography on a Lober column (type A) with a dichtoromethane/ethyl acetate mixture (49:1) 
as an eluent to give 0.238 g (yield 88.5%) of the compound lla, as a pale yellowish oil. 

IR i-max (CHCy: 3420, 1745. 1760 (sh). 1608. 1575. 1540 cm 
45 NMR Sppm (CDCIJ: 0.60-1.07 (4H, m). 1.32 (3H. t). 2.37 (3H. s), 2.40 (1H, bro), 3.03-3.77 45 
(2H, m), 4.25 (2H, q), 5.13-5.47 (2H. m), 7.13 (IH). 

In the same manner as in the above-mentioned Example 0.230 g (0.6 mmol) of the compound 
lla3 is hydrolyzed to give 0.207 g (yield 96.3%) of the compound lea, m.p. 240-245*C (dec.). 
50 This is recrystallized from a acetone/ethyl acetate mixture to give 0.20 g (yield 93.0%) of 50 
grayish white crystals, m.p. 242-246X (dec.). 

Anal. Calcd. (%) for CfiH^CI^NO^S: C, 49.44; H, 3.89; CI. 18.26; N, 3.61; S, 8.26 Found (%): C, 
49.26; H, 3.96; CI, 18.15; N, 3.66; S. 8.20. 
55 IR vmaK (Nujol): 3130, 2690, 2580, 2490, 1732, 1608 cm ' 55 



Example 84 

6,7-Dichloro-5-[3-morpholinO'3-(methylthio)-2i)ropenoyl]-2,3-dihydro-1-benzofuran-2-carboxylic 
acid 
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In the same manner as In Example 83, 0.29 g (0.6 mmol) of the compound V (Example 35) and 
3 ml of morpholine are treated to give 0.22 g (yield 84.6%) of thie compound VIIU as an oil. 

25 NMR iJppm (CDCIJ: 1.30 (3H, t), 3.13-4.53 {12H, m), 4.67 (2/3H. s), 5.17-5.58 (1H. m), 5.88 25 
(1/3a s). 7.25. 7.50 (IH), 15.02 (2/3H, s). 

In the same manner as in Example 83 are treated 0.22 g (0.5 mmol) of the compound Vlllg*, 
0.136 g (1.0 mmol) of powdery potassium carbonate, 0.14 g (1.0 mmol) of methyl iodide, and 
30 2.4 ml of acetonitrile to give 0.225 g (yield 86.5%) of the compound lU as an oil. 30 

NMR Jppm (COaj: 1.30 (3H, t), 2.40 (3H, s), 3.10-3.93 (10H, m). 4.23 (2H, q), 5.12-5.45 
(2H, m), 7.15 (1H). 

35 In the same manner as in Example 83, 0.210 g (0.5 mmol) of the compound \\„ is hydrolyzed 35 
to give 0.150 g (yield 75.8%) of the compound I, m.p. 215-216X (dec). This is reacted with 
13.86 mg of sodium hydroxide in 3.3 ml of water for 30 minutes, and insoluble substances are 
removed by filtration (twice). The fihrate is evaporated to dryness, then treated with ethyi 
acetate, and recrystallized from an ethanol/ethyl acetate mixture to give 0.140 g (yield 66.4%) 

40 of grayish white crystals, m.p. 230-232''C (dec). 40 

Anal. Calcd. (%) for C,^,fi\Jt^OSj^ 1/2H,0: C, 45.44; H, 3.81; CI, 15.78; N. 3.12; S, 7.13; 
HA 2.00. Found (%): C, 45.47; H. 3.84; CI, 15.88; N, 3.19; S, 7.38; HA 2.12. 
IR vmax (Nujol): 3300, 1621 (1615) cm \ 
45 45 
Example 85 

6,7-Dich!oro-543-(methyIthio-3-pyrroIidino)-2-propenoyn-2,-3<lihydro-1-ben2ofuran-2-^^ 
namide 




A mixture of 0.194 g (0.5 mmol) of the compound (Example 35) with 2 ml of pyrrolidine 
is reacted at room temperature for an hour, then azeotropically distilled with toluene to remove 
65 an excess of pyrrolidine. To the residue are added 0.140 g (1.0 mmol) of powdery potassium 65 



m 
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carbonate, 0.08 g (0.6 mmol) of methyl iodide, and 2 mi of N^N-dimethylfomnamide, and the 
mixture is allowed to react for an hour while being stirred at room temperature. The product is 
chromatographed on a Lober column (type N) with a dichloromethane/ethyl acetate mixture (9:1) 
as an eluent to give 0.190 g (yield 84,4%) of the compound las, m.p. 110-1 14X. This is 
5 recrystallized from isopropyl ether/ethyl acetate to give 0.085 g (yield 37.8%) of compound Iss 5 
as grayish white crystals, m.p. 1 15-1 16X. 

Anal. Calcd. (%) for C,,H^fi\j^O^S: C, 55.38; H, 5.31; a 15.57; N, 6.15; S. 7.04. Found (%): 
C, 55.10; H, 6.15; O. 15.65; N, 6.11; S, 6.79. 
10 IR vmax (NujoQ: 1650. 1603, 1590 cm '. 10 
NMR Jppm (CDCy: 1.63-2.28 (8H, m), 2.47 (3H, s). 3.07-4.05 (lOH, m). 5.15 (IH, s), 
5.23-5.58 (IH, m), 7.20 (IH). 

Example 86 

15 6,74)fchIoro-5^2-(1.3-tfilazoRdin-2-ylidene)acetylh1-4)en2ofur^ acid 15 



20 



25 

"^2^^ l86 

30 In the same manner as in Example 19 or 34, 0.173 g (0.4 mmol) of the compound II33 30 
(Example 33) is subjected to the reaction to give 0.107 g (yield 64.2%) of the compound 

m.p. 226-223X. ' . 

IR vmax (Nujol): 3230, 3100, 1715, 1610 cm 
35 NMR Sppn\ (COaj: 1.43 (3H, t), 3.13-4.23 (4H. m), 4.43 (2H, q), 5.57 (IH, s), 7.50 (IH, s), 35 
7.63 (IH, s). 

In the same manner as in Example 33, 0.100 g (0.3 mmol) of the compound llae is hydrolyzed 
to give 0.093 g (yield 100%) of the compound Igs. m.p. 265-27 rC (dec). This is recrystalfized 
40 from acetone to gwe 0.087 g (yield 87.0%) of grayish white crystals, m.p. 268-272*C (dec). 40 

Anal. Calcd. (%) for C,4H9Cl2N04S l/2(CH3)2CO: C, 48.07; H, 3.12; Q. 18.31; N, 3.62; S, 8.28. 
Found (%): C, 48.35; H, 3.20; CI, 18.55; N. 3.75; S, 8.51. 
IR i-max (NujoD: 3235, 2675, 2540, 2460, 1705 1612 cm 
45 45 
Example 87 

Production of 6,7-dichloro-5-[3-(furfurylamin<>-3-(methyhhio)-2iiropenoyll-2,3KJihydro 
2-K:arboxylic acid [33] 

50 C£ o . , . 50 




O''*^^ Toluene 



tBuO^C-' ' ^^^^ 

55 Ct o H- ff— j] 55 



cm 

60 c. T r ~k-ai.jni 60 



HO_C-J ' C33D 
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STEP 1 

A mixture of 0.435 g (1 mmol) of tert-butyl 6,7-dichloro-5-(3,3-bismethylthlo-2-propenoyl)-2,3- 
dihydrobenzofuran-2-K:arboxy]ate [31], 0.177 g (1,2 mmoi) of furfurytamine, and 1 ml of dry 
toluene is refluxed for 9 hours under heating. After condensation in vacuo, the residue is purified 
5 by silica gel chromatography to give 0.365 g (yield 75.3%) of the resinous compound [33]. 5 

IR vmax (CHCIJ: 1749 (br), 1562 (br) cm"^ 

NMR ^ppm (CDCy: 11.65 (1H, br. 0,0 exchange), 7.38 (1H, m), 7.19 (1H, m), 6.31 (2K d-like), 
5.31 (s), 5.15 (m), 4.55 (2H. d), 3.73-3.15 (2H, m). 2.40 (3H, s), 1.48 (9H, s). 
10 10 
STEP 2 

A mixture of 0.36 g (0.74 mmol) of the compound [32) and 3.6 ml of trifluoroacetic add is 
stinred at room temperature for 0.5 hour. After condensation in vacuo, the residue is recrystal- 
lized from a small amount of ether to give 0.30 g of the titled compound [33]. This is 
15 recrystallized from ethanol to give 0.22 g of crystals (yield 69.4%; 52.3% from [31]). m.p. 15 
214-216'C (dec.). 

Anal. Calcd. (%) for C,8H«Cl2N0sS: C, 50.48; H, 3.53; CI, 16.55; N, 3.27; S, 7.48. Found (%): 
C, 50.29; H, 3.61; CI, 16.38; N, 3.22; S. 7.39. 
20 IR vmax (Nujol): 320O-2200(br)-1950(br), 1740, 1560 cm ^ 20 
NMR Jppm (DMSO d-6): 1.53 (1H, t-br: D^O exchange), 7.65 (IH, m), 7.31 (1H, s-like), 6.42 
(2H, m) [5.42 {s)+5.15 (d) 2H], 4.10 (2H, d), 3.84-3.2 (2H, m), 2.45 (3H, s). 

Anal. Calcd. {%) for CisHnCI^NO^S: C, 48.40; H, 2.98; CI, 19.05; N, 3.76; S, 8.61. Found (%): 
25 C, 48.31; H, 3:26; CI, 18.80; N, 3.64; S, 8.47. 25 
IR wnax (Nujol): 3365, 1752, 1602, 1585, 1570 cm \ 

NMR ^pm (DMSO d-6): 11.60 (IH, br). 7.23 (IH, s), 6.85 (IH, m), 6.18 (IH, m), 5.50 (IH. d- 
d), 3.9-3.2 (2H. m), 2.48 (3H, s). 

30 Example 88-97 30 




45 



50 



C3aa} 
— ^ 



CF 



sCOgH 



NaOU 



55 



A mixture of a compound (VI) and 1.2 eq. amine compound (X III) in a solvent is refluxed 
under heating for 3.5 to 72 hours. 

After condensation in vacuo, thus obtained residue is chromatographed on silica gel to give, a 
compound (II). which is treated with trifluoroacetic acid (Method A) or with sodium hydroxide 
(Method 8) for hydrolysis to give a compound (I). This is refined by recrystallization. Some 
examples are shown in the following Table 8 (Nos. 1-4). 
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Example 98 

Production of 6 jKlichloro-5^2-{m0thyfthio)pyrrol-3-yl-cari3onylh2,3KJihydrob 
boxylic acid [36]. 

'SCH3 

10 iBuO^C"^ C31D ' 



Ci o 




Ci O H 

SCHo ^ 15 



20 



25 




20 



25 



C36D 



30 In the same manner as in Example 97, 1.09 g (2.5 mmol) of the compound [31] is reacted 30 
with 0.33 g (2.5 mmol) of 2,2<liethoxy6thlamine In toluene for 16 hours to give 1.02 9 (yield 
80.9%) of the compound [34J. 

NMR Jppm (CDCIJ: 11.45 (IH, t-like), 7.22 (IH, s), 5.30 (IH, s), 5.19 (IH, d-d). 4.69 (IH, t); 
35 3.85-3.2 (8H, m), 2.40 (3H, s), 1.48 {9H. s), 1.26 (6H, t). 35 

To a solution of 0.9 g (1.78 mmol) of the compound [34] in an ether (15 ml): dichlorometh- 
ane (15 mi) mixture is added 8 ml (8 mmol) of 1N-hydrochIoric acid in ether anhydrous, and the 
mixture is allowed to react at 5-25*'C overnight. After condensation in vacuo, the residue is 
40 dissolved in dichloromethane, washed with an aqueous solution of sodium hydrogencarbonate. 40 
and then purified by silica gel chromatography to give 0.445 g (yield 58.2%) of the compound 
[35]. m.p. 187-188X. 

NMR Jppm (CDCy: 11.58 (IH. br), 7.20 (IH, s), 6.82 (IH. m), 6.15 (IH. m), 5.42 (IH, d-d)„ 
45 3.85-3.15 (2H. m), 2.45 (3H. s). 1,47 (9H. s). 45 

The compound [35] (0.445 g) is allowed to react with 5 ml of trifluoroacetic acid at room 
temperature for 1 hour, the reaction mixture is concentrated in vacuo, crystallized from ether, 
washed with a small amount of 50% ethanol, and recrystailized from 95% ethanol to give 0.21 
50 g (yield 54.3%) of the titled compound [36]. m.p. 232-234X. 50 

Example 99 

Production of 6.7-<lichloro-5^(3-methyl-4-thiazolin-2-ylidene)acetyl]-2,3KJihydrobenzofuran-2-^ 
boxylic acid [41] and the sodium salt [42] 



# 
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^ CHgOgC-^ C37D 



10 .y T 1^ 

CUgO^C . C39D 



15 J^if: > 15 

CH3CN . Y I 

CHgOgC-'^ : C40) 



20 Cf o ^ 20 



25 ""2^ t^iJ 25 




30 TT 30 



In 10 ml of dry acetone, 3.68 g {10 mmol) of methyl 6,7-dichloro-5-bromoacetyl-2.3-dihydro- 
35 benzofuran-2-carboxylate [37] is treated, at 40-45^C for 5 hours, with 1.31 g (10 mmol) of N- 35 
methylthloazole-2-thione [38] (prepared according to M.O. Kolosova ef a/.. J. Gen. Chem. (USSR) 
33 [B], 2706 (1963)). To the reaction mixture is added 10 ml of benzene, and the precipitating 
crystals are collected by filtration and washed with a small amount of acetone to give 4.73 g 
(yield 94.8%) of the compound 139]. m.p. 126-128*0. 
40 40 
NMR tfppm (DMSO d-6): 8.42 (1H, d), 8.15 (1H, d), 7.96 (1H, s), 5.68 (1H, d-d), 5.40 (2H, s), 
4.06 (s)-3.73 (s)-3.20 (8H, m). 

To a suspension of 1.50 g (3 mmol) of the compound [39] in 10 ml of acetonitrile is added a 
45 solution of 0.308 g (3.3 mmol) of phenyl-bis[N,N-dimethylaminopropyl]phosphine (prepared ac- 45 
cording to Loeltger P. Org. Synthesis 55, 127 (1976)) in 1 ml of acetonitrile while being stirred 
under Ice-cooling, and then the mixture is allowed to react for 0.5 hour while being stirred at 
room temperature. After condensed in vacuo, the residue is dissolved in dichloromethane, 
washed with IN-sodium dihydrogenphosphate (NaHaPOJ solution and with water, dried over 
50 anhydrous magnesium sulfate, concentrated in vacuo, and then purified by silica gel chromato- 50 
graphy (Lober column type B) to give 0.94 g (yield 81.1%) of an oily material, which is the 
methyl ester [40] of the tilted compound. 

IR vmax (CHCIJ: 1760, 1743, 1609, 1564 cm \ 
55 NMR <^pm (CDCy: 7.31 (IH, s-like), 6.88 (IH, d), 6.48 (IH, d), 6.04 (IH, d), 3.80 (3H, s). 55 
3.7-3.2 {5H, m+s). 

To a solution of 1.2 g (2.75 mmol) of the compound [40] dissolved in 15 ml of an 
ethanol/dichloromethane (2/1) mixture is added 4.7 ml (4.7 ml) of IN-sodium hydroxide, and the 
60 mixture is subjected to hydrolysis at room temperature for an hour. After condensed in vacuo, 60 
the residue is adjusted to pH 3 with dil. hydrochloric acid and acetic acid to precipitate crystals, 
which are collected by filtration and washed with water and with ethanoi to give 1 .09 g (yield 
95%) of the titled compound, m.p. 280-283*'C (dec). 

This is recrystallized from DMF/ethanol to give yellowish crystals, m.p. 280-283*'C (dec.) 
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Anal, calcd. (%) for C^sHna^NO^S: C, 48.40; H, 2.98; a, 19.05; N. 3.76; S. 8.61. Found {%): 
C, 48.28; H, 3,11; CI, 18.98; N, 3.77; S, 8.71. 

IR vmax (Nujol): 3140, 3120, 2000 (br), 2000-1800, 1733, 1607. 1520 cm \ 
NMR Sppm (DMSO d-6): 7.40-7.35 (2H, m), 6.30 (IK d), 6.00 (IH. s-tike), 5.43 (1H. d-d)« 
5 3.85-3.2 (Sa m+s). 

The starting material i.e., methyl 6 jKJichloro-5-(bromoacetyl)-2,3-dihydrobenzofuran-2-car- 
boxylate [37] can be prepared according to the following reaction scheme. 




AKJ/g/O^Cig J 1 

CJH^O^C C37D 



15 



To a solution of 6.2 g (25 mmo!) of methyl 6,7-dichloro-2,3-dihydrobenzofurancarboxyIate 
(m.p. 113-1 14°C: prepared according to William F. Hoffman J, Med. Chem., 24 865 (1981)) 
and 6.56 g (32.5 mmot) of bromoacetyl bromide dissolved in 62 ml of dry dichloromethane is 

20 added 8.6 g (65 mmol) of anhydrous aluminium chloride under ice-cooling, and then the mixture 20 
is allowed to react at room temperature for 3 hours. The reaction mixture is poured into a 
mixture of ice and hydrochloric acid, then extracted with dichloromethane, and washed with 
water. The organic layer is dried over anhydrous magnesium sulfate, and concentrated in vacuo 
to give 8.5 g of crystals. This is recrystallized from benzene/cyclohexane to give 7.5 g (yield 

25 81.5%) of the objective compound [37], m.p. 108-1 11 'C. 25 



NMR ^ppm (CDCy: 7.35 (IH, s-like), 5.38 (IH. d-d), 4.48 (2H, s), 3.88-3.3 (5H, m+s). 

•Production of sodium salt [42): 
30 In 9.9 ml (99% molar ratio) of O.lN-sodium hydroxkle is dissolved 0.372 g (1 mmol) of the 30 

carboxylic add [41]. The insoluble carboxylic acid is removed by filtration and the filtrate is 

concentrated in vacuo to give a residue, which is rcrystallized from a small amount of water, 

collected by filtration under cooling, and washed with a small amount of ethanol to give 0.255 g 

(63.3%) of the sodium salt [42] containing 1/2 molecule of HjO. 
35 35 

Anal, calcd. (%) for C^^H^cCljtMNaO^S 1/2H,0: C, 44.68; H, 2.75; CI, 17.59; N, 3.47; Na, 5.70; 

S, 7.95. Found {%): C, 44.83; H, 2.89; CI, 17.84; N, 3.56; Na. 5.60; S, 8.17. 

IR i-max (Nujol): 3400, 3150, 1622, 1568, 1492 cm \ 

40 Example 100-102 40 
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STEP 1 

A solution of the compound (Vlli) and a compound (X III) (1.1 molar eq. each) dissolved in 
dichloromethane or acetone is kept at room temperature for 2-3 days while being stirred. Ether 
5 is added to the reaction mixture to precipitate crystals, which is washed with ether to give a 5 
compound (VII). This may be used for the foDowing step without purification. 

STEP 2 

To a suspension of a compound (Vlli) in dry acetonitrile is added 1.1 molar eq. of phenyl bis- 
10 (N,N-dtmethylpropyl)phosphine, and the mixture is allowed to react at room temperature for an 10 
hour. After condensation in vacuo, the residue is dissolved in dichloromethane. The solution is 
washed with IN-sodium hydrogenphosphate, then with water, dried over anhydrous magnesium 
sulfate, concentrated In vacuo, and purified by sifica gel chromatography to gh/e a compound (II). 

15 STEP 3 15 
To a solution of a compound (II) dissolved in ethanol or an ethanol/dichloromethane mixture is 
added 1.5 eq. of IN-sodium hydroxide for hydrolysis at room temperature. The reaction mixture 
is neutralized with dil. hydrochloric acid to precipitate crystals, which are recrystallized from a 
proper solvent to gh^e a compound (I). Some examples are shown in Table 9 (Nos. 1-4). 



# 
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Effect of the Invention 

Compounds prepared in Examples above are evaluated by the following pharmacological test. 



5 



I. Test Method: 



5 



Experiments with rats and mice were cam'ed out according to Assay Programs #27—104 and 
#27-106, respecthrely. The outline is as follows. 

1. Bioassay for Diuretic Effect on Rats 

Slc:SD 8-week-old rats (male, about 250g body-weight each) were used for the test. A few 
10 lumps of sugar in place of ordinary diets were gh^en on the morning of the day before the test 10 
day and 5% glucose solution was given orally at a rate of 20 ml/kg in the evening (approxi 
mately at 4 p.m.) of the test day. In the morning for the test, a sample which was prepared by 
suspending or dissohnng a test compound in 2% gum arabic was orally administered to each at 
a dose of 20 ml/kg. On tfie other hand, mere by 2% gum arabic was orally administered to the 
15 control group at 20 ml/kg. immediately after the administration, the test animals were put in a 15 
plastic cage for the metabolk: tests and their urine samples were collected for 5 hours. The 
cumulative urine volume, urinary sodium (Na*), and urinary potassium (K*) were quantitatively 
determined. 

2. Bioassay for Diuretic Effect on Mice 

20 Slc:ddy 5-week-old mice (female, about 20g body-weight each) were used for the test. From 20 
the morning of the day before the test day, the mice were fasted but water. In the morning of 
the test day, a sample which was prepared by suspending or dissolving a test compound in 2% 
gum arabic was orally administered to each at 30 ml/kg. On the other hand, mere by 2% gum 
arabic was orally administered to the control group at 30 ml/kg. Immediately after the adminis- 

25 tration, 5 mice employed were put in a plastic cage for the metabolic tests and their urine 25 
samples were collected for 4 hours. The cumulative urine volume, urinary sodium (Na*), and 
urinary potassium (K*) were quantitatively determined. 

IL Test Results. 

30 Results on some typical compounds are shown in Table 10. 30 
Results regarding tiie urine volume are shown by percentages to control (100%). Also, results 
regarding the urinary sodium (Na*) and the urinary potassium (K*) are shown by percentages to 
control (100%). The asterisk* indicates that the compounds are recognized to be significantly 
effective. 
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CLAIMS 
1. A compound of formula (I) 



(I) 



10 10 

wherein X\ X^, and X' are each independently hydrogen, halogen or CH3; Y is an oxygen or 
sulfur atom; R' Is hydrogen, alkyi, alkenyl, aryl, aralkyi or akoxycarbonyl; is SR», OR^ or NRW, 
wherein R^ is hydrogen, alkyi, alkenyl, alkylnyl, aryl, aralkyi or carbamoylmethyl, R» is alkyi, R' 
and R« are each independently hydrogen, alkyi. alkenyl, cycloalkyi, aryl, furylmethyl or acyl or 

15 when R^ and R» are considered together ewith the adjacent nitrogen atom they may form 15 
pyrrolidine, piperidino or morpholino or one of R' and R« is hydrogen and the other is -C|0)R^ 
where R^ is alkyi, substituted alkyi, alkytene or substituted alkylene; V is SR» or S(0)RR*^ 
wherein is hydrogen, alkyi, alkenyl, alkynyl or aralkyi and R^ is alkyi; 
R^ is hydrogen or alkyi, R» is CHO, COCH3, CCX)CHjCOOH, CN, CH==NOH, COOR CH^OR^, 

20 CONR^^R^ or CH20C(0)-CH2R*\ wherein R'^ is hydrogen, alkali metal, or alkyi, R'« is hydrogen, 20 
alkyi or acyl, R" and R^ are each independently hydrogen or alkyi or R^® and R^ may form 
pyrrolidino together with the adjacent nitrogen atom, and R^^ is hydrogen or lower alkyi; 

25 -^^^^ «y be /Q" • «d, 25 
oay be enf one of the following) 



30 



30 



35 wherein Z is 0, S, or NH, Z is S or N-R«, Z" is S, NH or H-CHj, R" is hydrogen, alkyi, alkoxy, 35 
carbonyl or methylene. R«, R", R'* and R'« are each independently hydrogen or alkyi, R» is 
hydrogen or carbonyl, and the dotted line represents the presence or absence of a double bond. 

2. A compound as claimed in claim 1 and referred to hereinbefore. 

3. A salt of a compound as claimed in claim 1 or claim 2. 

40 4. A process for preparing a compound as claimed in claim 1, which process comprises 40 
effecting at least one step as presented hereinbefore in any one of Reaction Schemes 1 to 10 
and which leads directly to such a compound. 

5. A process for preparing a compound as claimed in claim 1 and substantially as hereinbe- 
fore described in any one of the Examples. 

45 6. A pharmaceutical or veterinary formulation comprising a compound as claimed in claim 1 45 
or claim 2 or a salt as claimed in claim 3, in either case formulated for pharmaceutical or 
veterinary use, respectively. 

7. A formulation as claimed in claim 6 and in unit dosage form. 

8. A formulation as claimed in claim 6 or claim 7 and also comprising an acceptable diluent. 

50 carrier or excipient. SO 

9. A method of making a medicament for producing an antihypertensive, diuretic or uricosuric 
effect, which method comprises formulating a compound as claimed in claim 1 or daim 2 or a 
salt as claimed in claim 3 for such purpose. 
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